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SUMMARY
An investigationhasbeenmadein theLangleyhigh-speed7-by
lo-footunnelto determinethecontrolcharacteristicsofflap-type
controlsofvariouschordsandspansonanunsweptwinghavinga
6-perc6nt-thickmodifiedouble-wedges ction,an aspectratioof2.5,
anda taperratioof0.625. Thecontrolchordsinvestigatedwere25,
35,andh~percentofthewingchord,andthecontrolspanswere25,SO,
and75percentofthewingsemispan.
Lift,rolling-,andpitching-momentdatawereobtainedthro h a
%!rangeofcontroldeflectionsup tol~o,at anglesofattackof-4 , Oo,
and)+o,througha Machrangeof 0,.6to1.18obtainedbyuseofthe
transonicbump. In general,thecontrol-effectiveness-paraetervalues
wereapproximatelyproportionalto thecontrolchordandtothecontrol
spanforchordsfrom25to45 percentofthewingchordandforspans
from25’to 75percentofthewingsemispan.
i
INTRODUCTION
Wingsdesignedforhigh-speedflightgenerally&ffer ingeometric
..-
characteristics(a pectratio,sweep,andairfoilsection)fromthose
usedforlow-speedflight.Becauseof thechangeinwtigdesignpro-
nouncedifferencesarelikelyto occurin thecontrolcharacteristics,
,,,’$-’
andtheproblemofcontrolin thesubs,o”.c rangemustbereexaminedand
@“d@’ “
,
2itsstudyextended
prima~purposeof
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toincludethetransonicandsupersonicrange.The
thisinvestigationwasto obtainhighsubsonicand
transoniccontrol-surfacedataona low-aspect-ratiowedge-typewing
withparticularemphasisontheeffectofcontrolchordandspan.
-.
Thispaperpresentstheresultsofan investigationmadeinthe
Langleyhigh-speed7-by 10-footunnel.usingthetransonic-bump
technique(reference1). Thewinghadanunswept!%-percent-chordltie
5’a modified6-percent-thickdouble-wedges ction,anaspectratioof2. ,
a taperratioof0.625’,andflap-typecontrolsof25,35,and45percent
ofthewingchord.Eachcontrolwasinvestigatedwiththreedifferent
spans- 25,SO,and75percentofthewingse~i:pan.L_ift,rolling-,
andpitching-momentda awereobtainedthrougha rangeofcontrol
deflectionsuptolSOandat anglesofattackof-4°,0°,andbo. The
Machra gewasappro-8 Y
tely0.6to1.I.8andtheReynoldsnumbervaried
from10 to1.24 x 10 .
Additionalinformationata Machnumberof1.9obtainedwiththis
winghavingsimilarcontrolconfigurationsmaybefoundinreference2.
MODELANDAPPARATUS
Theb.@3-inchsemispansteelwingusedin thisinvestigation
(fi~.1)hadan aspectra~ioof2.5,a-taperatioof0.625,anda
.
.
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b.
6-&cent-thickmo&ied double-wed;eairfoilsectionwiththe%-Percent-
ch&d lineunswept.Thewingwasm;untedinthemidwingpositionand
hadno incidenceordihedral.Thebrassfuselagewasa modifiedhalf-
bodyrevolutioncomposedofa ~-inch-thickstripattachedto a body
of semicircularc osssectionasshowninfigure2.
Thecontrols(fig.2)weremadeintegralwiththewingby cutting
grooves0.031inchwideontheupperwingsurfacealongthe~$, 65-,
and7S-percent-chordlines.Thevariouscontroldeflectionsweresetby
.-
bendingthewingalongthqpropergrooveand.thenfill~gthegrooveswith “- 1
wax. Thecontrolsextendedspanwisefrom95’percento20percentof the . .
wingsemispanandeachofthe25-,3$, and~~perc@:chordcontrols
wasdividedintothreeequalspanwisesegmentsaS sh~ infigure2.
to
Therelativesizeandpositionof themodelandbalancewithrespect
thetransonicbumpis showninfigure3.
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COEFFICIENTSANDSYMBOLS
ltitcoefficient
( )
Twiceliftofsemis~anmodel
qs
(rolling-homentcoefficientproducedby thecontrolrolling-momentcoefficientwithcontroldeflectedminusrolling-
momentcoefficientwithoutdeflection;rolling-moment
coefficienta planeofsymmetryequals
Rollingmomentof semispanmodel
qSb )
pitching-momentcoefficientabout0.~05
(
Twicepitchingmomentof semispanmodel
qsE )
effectivedynamicpressureoverspanofmodel,poundsper
()
squarefoot +&
twicevfing
twicespan
areaof semispanmodel,0.1834squarefoot
of semispanmodel,0.677foot
controlspan,measuredperpendiculartoplaneof symmet~,
feet
(r )
/2
meanaerodynamicchordofwing,0.276foot ~ c2d.y
o
localtig chordparallelto planeof symmetry,feet
spanwisedistancefromplaneof symmetry,feet
spanwisedistancefromplaneof symmetryto
control,feet
spanwisedistancefromplaneof symmetryto
control,feet
massdensityofair,slugspercubicfoot
airstreamvelocity,feetpersecond
inboardendof
outboardendof
effectiveMachnumberoverspanofmodel($~’2~Ma~
4Ma
ML
R
a
6
—
-----
a ,..
averagechordwiselocalMach”number
localMachnumberoverthebump
Repoldsnumberofmodelbasedon
angleofattackofwing-root-chord
t!
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line,degrees
controldeflectionrelativetowing-chordpl~e,measuredin
a planeperpendicularto controlhinge=is (positivewhen
trailingedgeis down),degrees
k reflection-planecorrectionfactor
CL5 ltiteffectivenessparameter()
tlCJ
a6 a
H
aoz
CL6 aileroneffectivenessparameter a
ra
c% pitchingeffectivenessparameter
Thesubscripta indicatesthefactorheld
CORRECTIONS
()aCmr=
constant.
-
.%
Therolling-momentcoefficientspresentedhereinrepresentthe
.aerodynamiceffectsona completewingproducedby thedeflectionofthe
controlon onlyonesemispanofthecompletewtig.Reflection-plane
correctionfactors(fig.4) havebeenappliedtotherolling-moment
coefficientshroughouttheMmh rangeoftheinvestigation.Thevalues ,.._
ofthecorrectionfactorswereobtainedfromunpublishedlow-speeddata
andtheoreticalconsiderations.Althoughthecorrectionsarebasedon
low-speedconsiderationsandhencearevalidforlowM~chnumbersonly,
itisbelievedthattheresultsobtafiedby applying,thecorrections
givebetterrepresentationoftrueconditionsthanuncorrecteddata.No
attempthasbeenmadetocorrectherolling-momentdataforincrements
ofrollingmomentcausedby asymmetricalpressuredistributionthe
surfaceofthefuselageas a resultofcontroldeflection.Howeverjthis
effectisbelievedtobe small.
The
tunnel.
investigationwas
Thehigh-velocity
TESTTECHNIQUE -A
madeintheLangleyhigh-speed7-by 10-foot
flowfieldgeneratedoverthecurvedsurface
ofa bumponthetunnelfloorwasutilizedin
—
obtaininga Machnumber
,
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rangeof0.6to
vicinityofthe
5
1.18. TypicalcontoursoflocalMachnumberin the
modellocationonthebumpwithmodelremovedareshown “
. infigure5. TheeffectivetestMachnumberwasobtainedfromcontour
charts imilartothosepresentedinfigureS by usingtherelationship
Jb/2M=: cMadyo
Themodelwasmountedonan electricalstrain-gage
a calibratedpotentiometer.Forceandmomentdatawere
balancewired
obtainedwith
to
2!5’-,3$, and-b>percent-chordan _2S-,~~, and7$percent-semispan
controlsat anglesofattackof-4°,0°,andho,withcontroldeflections
of0°,2°,go,10°,andl~”,througha Machnumberrangefrom0.6to1.18.
ThevariationofmeantestReynoldsnumberwithMachnumberis
showninfigure6.
*
RESULTSANDDISCUSSION
,*.)
Typicalcurvesoflift,rolling-,andpitching-momentcoefficients
plottedagatistcontroldeflectionforthe2$, 35-,andb$percent-chord,
!%percent-sps.noutboardcontrolat threeanglesofattackthrougha
Machrangefrom0.60to1.18aregiveninfigures7 to9. Ingeneral,
theforcesandmomentsvary linearlywithcontroldeflection.The
curvespresentedinfigures7 to9 aretypicalof thecurvesof theother
configurations.
Thedataforthevariousconfigurationsarepresentedin figures10
to12as variationsofcontroleffectivenessparameterswithMachnumber.
Theparameterswereobtatiedfromfigures7 to9 andsimilarplotsof
datafortheotherconfigurations.Theslopesweremeasuredbetween0°
and10ocontroldeflection.Althoughthevariationsofliftandaileron
effectivenesswithMachnumberarerathernonuniformabovea Machnumber
of0.80,thereis a generalossin effectivenessthroughthetransonic
range.As expected,thedataindicatethattheS+percent-spani board
controlismoreeffectiveinproducingliftbutmuchlesseffectivein
producingrollthanthe~0-percent-spanoutboardcontrol.Thepitching
effectivenessparametersbasedonpitchingmomentsofthemodelmounted
at theSO-percent-chordltievaryonlyslightlywithMachnumberexcept
neara Machnumberof1.0wheretheparametersincreasenegativelyand
. thendecreaseas theMachnumberincreases.
.
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Thevariationofthecontrol-parametervalueswithcontrolspanis
giveninfigures13andU foreachofthethreecontrolchordsat
severalMachnumbers.Thevaluesoftheparametersareapproximately“-
proportionaltothecontrolspan:Theexpe~mentalvaluesof c@
exceptforthe25-percent-chordcontrol,agreeverywellwiththe
estimatedvaluesfora Machnumberof0.60as showninfigure15. The
estimatedvalueswereobtainedby modifyingthemethodofreference3
forcompressibilityeffects.Theestimated--CZ5isrepresentedby the
followingequation:
where CZ51 istheaileroneffectivenessparameteresjimated~ the
methodofreference3 aftermodifyingthewinggeometr:ccharacteristics
by theGlauert-Prandtltransformations(reference4).
Figures16and17 showtherelationshipbetweenthecontrol-parameter
valuesandthechordmagnitude.Thedataindicatethatthecontrol-
parametervaluesareapproximatelyproportionalto controlchordUp to
b~ percentofthewingchordforcontroldeflectionsup tolso.
l
.
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Aninvestigationwas
CONCLUDINGREMARKS
madeat subsonicandtransonicspeedsto
determinetheeffectofcontrolchordandspanonthecontrolcharacter-
isticsofa winghavinga 6-percent-thickm@fied.@ouble-Wedge section$
anaspectratioof2.5,a taperratioof0.625,anunswept50-percent-
chordline,andcontrolsurfacesofvariouschordsandspans.Thedata
resultingfromthisinvestigationi dicatethatthecontrol-parameter .-_
.
.
—.
.
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valuesareapproximatelyproportionalto controlchordor spanforchords
. from25to45 percentofthewingchordandforspansfrom25 tb75per-
centof thewingsemispan.
LangleyAeronauticalLaborato~
NationalAdviso~CommitteeforAeronautics
LangleyFieldjVa.
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THEORETICALROCKETPERFOWCE OFJP-4FUELKITESEVXRAL
FLUORINE-OXYGENMHTURIHASSUMJI’CFROZENCOMPOSITION
By SanfordGordonandKennethS. Drellishak
Theoretical rocket
sion was calculated for
for a range of pressure
suMMARY
performanceforfrozenccnnpositionduringexpan-
JT-4fuelwithseveralfluorine-oxygenmixtures
ratiosandoxidant-fuelratios.Theparameters
includedare specificimpulse,ccunbustion-chambertemperature,nozzle-
exittemperature,molecularweight,characteristicvelocity,coefficient
ofthrust,ratioofnozzle-exitareato throatarea,specificheatat
constantpressure,isentrupicex&onent,viscosity,andthermalconduc-
tivity. A correlationisgivenfortheeffectof chamberpressureon
severaloftheparameters.
Themaximumvalueof specificimpulsefora chaniberp essureof 600
poundspersquareinchabsolute(40.827ati)andan exitpressureof1
atmosphereis 301.1for70.37percentfluorinein theoxidantas com-
paredwith271.8and289.3for100percentoxygenand100percentfluor-
ine,respectively.
Mixtures
drocarbonsas
INTRODUCTION
ofllquid-fluorinea dliquidoxygenas oxidantswithhy-
fuelhavebeenconsideredin recentwars forpossible
high-ener~ rocket propellants. M.xtures of fluorine and figen exist
that give higher performance with hydrocarbons than either 100 percent
oxygen or fluorine because fluortne burns preferentially with hydrogen,
and oxygen with carbon.
Theoreticalcalculations(ref.1) showthatmaximumspecificim-
pulsecanbe obtainedwhentheoxidantcontainsabout70percentfluor-
ine. Often,however,theoreticalperformancedataareneededforcom-
parisonwithe~erimentaldataobtainedforvariouspercentagesof
fluorinein theoxidant.Calculationswerethereforemadeat theN/MA
Lewislaboratoryduring1955and1956in ordertoprovideperformance
dataforO to 100percentfluorinein theoxidant.
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SYMBOLS
The following symbols are used in this report:
nozzle area, sq in.
localvelocity
coefficientof
molarspecific
ofsound(velocityofflowat throat),ft/sec
thrust;CF= gcI/c*= F/P&
hea>at constantpressure,cal/(mole)(OK)
..
*
specific heat at constantpressure, cal/(g)(%)
specificheatat constantvolume —
characteristicvelocity,
thrust,lb
gravitationalconversion
sumof sensiblenthalpy
cal~mole
sumof sensiblenthalpy
gcP&/w, ftjsec —
&
factor, 32.174(lbmass/lbforce)(ft/sec2) d
andchemicalenergyat temperatureT,
.-
andcheticalenergyperunitmass, --
specificimpulse,(lbforce)(sec]/lbmass
coefficientofthermalconductivity,cal/(sec)&cm)(OK)
x%%1molecularweight, ~
-%
/“, g g-moleorlb/lb-mole
(
A logC*
characteristic-velocity exponent, * log PC
)
NACARM E57G16a
~1
%!2
nc
O/F
P
P
R
r
s;
s
T
w
x
r
c
P
P
3
(
A logIspecific-impulseexponentforfixedpressureratio, )A logPcpc/p
temperature eqcmentforfixedpressureratio,(
A ~0~ T
)A logpc Pc/p
(A 10~ & )area-ratio exponentforfixedpressureratio,A ~g p=Pclp
oxidant-fuelweightratio
staticpressure(sumof partialpressures),lb/’sqin.
partialpressureJlb/sqin.
universalgasconstit (consistentunits)
equivalenceratio,ratioof fourtimesthenumberof carbonatcxus
plusthenumberof hydrogenatansto twottiesthenumberof
4(C)+ (H)oxygenatcmsplusthenuniberof fluorineatoms,~ o ~ F
entropyata pressureof1 almospherejcal/(mole)(%)
entropyperunitmass, - ~,
;(1 - XJ
cal/(g)(%)
temperature, %
mass-flow rate,
mole fraction
isentropicexponent,(:2 :)s
ratioof
absolute
density>
nozzleareato throatarea,A/At
viscosity,g/(cm)(see)or poises
lb/cuin.
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h
Subscripts:
c combustionchamber h
e nozzleexit
i productofconibustionincludlngbothgaseousandsolidphases
J gaseousproductof combustion .&
k solidproductofconibustion(graphite) s
PJP constantpressureratio
s constantentro~
t nozzlethroat
Superscript:
o thermodynamicstandardreferencestate
—
e
CALCULATIONFPERFORMANCEDKCA
PerformancedatawereobtainedforJ%’-4fuelwithseveralfluorine- W
oqygenmixtures for a range of equivalenceratios andpressure ratios.
Frozencompositionduringexpansionfroma chamberpressureof600pounds ~
persquareinchabsolutewasassumed.
Thecomputationswerecarriedoutby themethoddescribedinrefer-
ence2 withmodificationstoadaptitforusewithan IEMcard-programned
electroniccalculator.Themacblnewasoperatedwithfloating-decimal-
pointnotationandeightsignificantfigures.Thesuccessiveapproxima-
tionprocessusedinthecalculationswasctitinueduntilseven-figure
accuracywasreachedinthedesiredvaluesof the
(massI&lancesndpressure
The calculations were
perfect gas law, adiabatic
or entropy).
Assumptions
basedon thefollowing
combustionat constant
assignedparameters
usualassumptions:
—
pressure,isentropic
expansion,o friction,homogeneousmixing,and one-d5rnensi.onalflow.
Theproductsof combustionwereassumedtobe graphiteandthefollowing
idealgases: atomiccarbonC, carbonmonofluorideCT,carbondifluoride
CF2,carbontrifluorideCF3,carbontetrafluorideCF4,difluoroacetylene
C2F2,methaneCE4,carbonmonoxideCO,carbondioxideC02,atomic —
.
b,.
*
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fluorineF, fluorineF2)atomichydrogenH,hydrogenH2Yhytiogenfluor-
ideBF,waterH20,atomico~gen 02 oxygen02,andthehydroxylradical
OH. Thecombustionproductsareassmnedtobe completelyexpandedwith-
intheexitnozzle;thatis,ambientpressurequalsexitpressure.
Thegraphitewasassumedtobe finelydividedandintemperatureand
—
velocity equilibriumwith the gasesduringthe flowprocess.
InitialMta
Thermodynam“cdata.- Thethermodynamicdatafor
productsexceptgraphite,methane,thefluorocarbons,
takenfromreference2. Dataforgraphiteweretaken
all combustion
and water were
from reference 3,
forcarbonmonofluoridefromreference4,fortheremainderofthefluoro-
carbonsfromreference5,andforwaterfrmureference6. Rataformeth-
aneweredetetinedby therigid-rotator- harmonic-oscillatorpp oxi-
mationusingspectroscopicdatafromreference7. Thebaseusedin this
reportforassigningabsolutevaluesto enthalpyis thesameas in refer-
ence2.
Thedissociatione ergyoffluorinewasassumedtobe 35.6kilo-
caloriespermole,andtheheatof sublimationfgraphiteat 298.16°K
wasassmedtobe 171.698kilocaloriespermole(ref.8). She heatof
solutionof oxygenandfluorinewasassumedtobe zero.
Physicalandthermochemicaldata.- Thepropertiesofthefuelused
inthesecalculationsaretypicalof theJT-4fueldeliveredto the
Lewislaboratoryovera periodof 2 years.TheJP-4fuelwasassumedto
havea hydrogen-to-carbonweightratioof0.163(atomratio,1.942))a
lowerheatofcombustionvalue of18)640Btuperpound,anda specific
gravityof0.769.Additionalpropertiesof jetfuelsmaybe foundin
reference9.
Severalpropertiesof
and11.arelistedin table
Viscositydata.- The
productswereeithertaken
mated.Theviscositiesof
theoxidants taken
1.
viscositydatafor
frcmreferences2,8, 10,
theindividualcombustion
frm theliteraturewhenavailable,or esti-
F,H,H2,andHF aregiveninreference12.
Theviscosities of theremainingsubstancesexceptH20werecalculated
usingsimilartechniques.TheviscosityofH20wasobtainedfroma
modifiedSutherlandequation(ref.13).
N/WARM E57G16a
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Formubs
Interpolationformulasandaccuracyofresultsarediscussedin ref- ‘.
erence14. Theformulasusedin computingthevariousperformance param-
eters are as follows:
Specific impulse, (lb force)(sec]/lb mass 1+Cn
s
I
= 2’4-’8e
(1)
Throatarea per unit rnass-flowrate, (sqin.)(sec)/lb
Characteristic
Coefficientof
At 2781.6 Tt
—=-w
velocity, ftjsec
C* Ato At=t%gcy ()= 32.174PC ~
thrust
gcI 32.174ICF=~= C*
Nozzleareaperunitmass-flowrate,(sqin.)(sec)/lb
A 86.455T
-=
w
Ratioofnozzleareato thr-tarea
-5’-Awc= At W
Specificheatat constantpressure,cal/(g)(%)
(2)
(3)
Y
. (4)
(5)
(6)
(7)
CL)
F
m
*
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Isentropicexponent
‘ ‘(%).
Whenthecompositionisfrozen,
Absoluteviscosity,poise
Coeffici.entofthermalconductivity,cal/(see)(cm)(%)
(8)
(9)
TEEORXTICALPERRXMANCE12AT!A
Tables
The calculated values of the various performance parameters for a
ccmibustionpressure of 600 pounds per square inch absolute and for a
range of oxidant-fuel ratios and =it conditions are given in tables II
to V for a range of fluorine-oxygen ratios.
Thepropertiesof gasesin thecombusticmchamberandthecharacter-
isticvelocityare giv~ in tableII. Table111presentsthevaluesof
theperformmceparametersat assi~ed temperaturesand constantentropy.
Thesevalueswerecomputedirectlyand usedto interpolatepropertiesat
assignedpressureratios(1to 8, 1 to 1000,1 to 1500,or 10 to 1500)
givenin tablesIV andV. Propertiesat thethroatmaybe foundwhere
c - 1.000. Thevaluesadjacent o thethroatcorrespondto pressuresof
1.2and 0.8timesthethroatpressure.TableVI presentstheequilibrium
compositionin thecombustionchamber.Performancedatafor expansion
fromchamberpressureto 1 atmosphereare summarizedin tableVII.
NACAIWE57G16a
Curves
Theperformanceparametersareplottedinfigures1 to 6.
Curvesof specificimpulsearepresentedinfigure1 forassigned
pressureratiosasfunctionsofpercent”byweightoffuel.
Combustiontemperatureand exittemperatureforassignedpressure
ratiosareplottedin figure2 as functionsof percentby weightof fuel.
Curvesoftheratioofnozzlearea tothroatareaareplottedin
figure3 as functionsofpercentby weightoffuelforassignedpressure
ratios.
Figure4 givesthecurvesforcoefficientofthrustforassiqed
pressureratiosas functionsofpercentby weightoffuel.
Figures5 tid6 presentcurvesofmolecularweightandcharacteris-
ticvelocity,respectively,as functionsofpercentby weightoffuel.
Effectoffluorine-oxygen ratio.- Thespecific-impulsedataforex-
psnsionfrm chemiberpressureto 1 atmosphere(tableVII)areplottedin
figure7 to showtheeffectoffluorine-oxygenratioonpetio-ce.
Specificimpulseincreaseswtthincreasingpercentagesoffluorineto
about70percentfluorineintheoxidant.Increasingtheamountoffluor-
ineintheoxidantfromabout70to100percentresultsina decreasein
specificimpulse.l@ximumvaluesof syecificimpulsecalculatedfora
chamberpressureof600poundEpersquare inchabsolute(40.827atm)and
an exitpressureof 1 atmosphereare shownin thefol.lotingtable:
Fluorine
in
mcidant,
percent
byweight
o
15
30
50
70.37
100
Maximum
specific
impulse,
(lb)(see)
lb
271.8
277.1
282.8
292.0
301.1
289.3
Thedataoftheprecedingtableareplottedinfigure8. Thebreak
in thecurveisbasedonsimilardatashowninfigure1 ofreference1.
Thecurvesof characteristicvelocityareverysimilartothoseof spe-
cificimpulse(fig.6).
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Effectof solidgraphite.- Theappearanceof solidgraphiteas a
cmnbustion product affected the values of the thermodynandc parameters
and resulted in the break in theperformsacedatafor70.37and100per-
cent fluorine in theoxidant.Thea~earanceofgra@iteoccurredat
about22percentfuelin theprope~t forthe70.37-percent-fluorine
curvesandatabout18.5percentfuelin thepropellantforthe100-
percent-fluorinecurves.
Chamber-pressuxe effect. - The use of the chamber-yressure e?Qo-
nents (nIj ~J ncj -d n~} to obtainperformancedatafor chamberpres-
sureotherthan600poundsper squareinchabsoluteis ~lained in ref-
erence14.
Effectoffinitechanibera ea.- Theuseofa ccmibustionchamberof
finitecross-sectionalarealeadstoa pressurechsmgeacrossthecombus-
tionprocess.Reference15iU.ustrateshowtheda- forlowpressure
ratios(tablesIVandV) maybe usedto calculatethepressureat thein-
Jectorface.
SUMMARYOFRESULTS
A theoreticalinvestigationf theperformanceof JP-4fuelwith
fluorine-o~genmixtureswas madeforthefoil-owiuconditions:Fluorine
in oxidantby weightfromO to 100percentforvariousequivalenceratios,
pressureratiosfrom1 to 1000(or1 to 1500),andfrozencomposition
duringexpansionfromchamberpressureof 600 pounds per square inch
absolute. The maximum values of specific impulse calculated for a chamber
pressure of 600 pounds per square inch absolute (40.827 atm) and an exit
pressure of 1 atmosphere ranged from 271.8 to 301.1 forO to 70.37 per-
cent fluorine in the oxidant and from 301.1 to 289.3 for 70.37 to 100
percent fluorine in the oxidant.
LewisFlightPropulsionLaboratory
NationalAdvisoryCommitteeforAeronautics
Cleveland,Ohio,August12,~57
10
REFERENCES
N&2ARM E57G16a
.
1.Gordon,Sanford,andWil&5.ns,RogerL.: TheoreticalMaxtiumPerform-
anceofLiquidFluorine- LiquidOxygenMixtureswithilT-4Fuelas
RocketPropellants.NAGARME54H09,1954.
2.Huff,VearlN.,Gordon,Sanford,md Morrell,VirginiaE.: General
MethodandThermodynamic!IbblesforCcmgyrktionfEquilibriumComp-
ositionandTemperatureofChemicalReactions.NACARep.1037,
1951. (SupersedesNACATNIS2113and2161ti] }(
{
3.Anon.:TablesofSelectedValuesofChemicalThermodynamicProperties.
Table23,SubstanceC,Ser.III(C,graphite),NBS,Mar.31,1947
andJune30,1948.
4.Haar,Lester,andBeckett,CharlesW.: TherzmlPropertiesofFluorine
C!mnpounds:HeatCapacity,Entropy,HeatContentandFreeEnergy
Functionsof CarbonMonofluorideintheIdealGaseousState.Rep.
1164,NBS,Oct.1,1951. (OfficeNavalRes.ContractNAonr212-51.)
5.PotoclcL,RitaM.,andMann,David Emerson:ThermalPropertiesof
FluorineCompounds:HeatCapacity,Entropy,HeatContentaudFree
—
EnergyFunctionsofCarbonDifluoride,CarbonTrifluoride,Carbon a.
TetrafluorideandDifluoroacetylenei theIdealGaseousState.
Rep.1439,NBS,Feb.15,1952. (OfficeNavalRes.ContractNAonr
112-51.) x
6.Glatt,Leonard,Adams,JoanH.,andJohnston,HerrickL.: Thermody-
namicPropertiesoftheH20MoleculefromSpectroscopichta. Tech.
Rep.316-8,CryogenicLab.,Dept.Chem.,OhioStateUniv.,June1,
1953. (NavyContractN60rIr-225,TaskOrderXII,ONRProj.NR
085-005.)
7.Herzberg,Gerhard:InfraredandRamanSpectraofPolyatomicMolecules.
D. VanNostrandCo.,Inc.,1945,p. 306.
8. Rossini,FrederickD.,etal.: SelectedValuesofChemicalThermody-
namicProperties.Cir.500ZN&3,Feb.1952.
9.Barnett,HenryC.,andHibbard,RobertR.: PropertiesofAircraft
Fuels.NACATN 3276,1956.
10.Washburn,EdwardW.,cd.: InternationalCriticalTables.Vol.III.
McGraw-HillBookCo.,Inc.,1928.
11.Kilner,ScottB.,Randolph,CarlL.,Jr.,andGillespie,
TheDensityofLiqyidFluorine.Jour.Am.Chem.Sot.,
no.4,”1952,pp.1086-1087.
RollinW.: d
vol.74,
-
a
NACARM E57G16a 11
.
-!
12. Gordon,Sanford,andHuff,VearlN.: TheoreticalPerformanceof
LiquidH@rogenandLiquidFluorineasa RocketPropellant.NACA
RME52U1, 1953.
13.Keyes,lkrederickG.: ThermalConductivitiesforSeveralGaseswith
a DescriptionfNewMeansforObtainingDataat IOwTemperatures
andAbove500°C. Tech.Memo.No.1,Roj. Squid,M.I.T.,Oct.1,
1952. (ContractN5-ori-07855.)
l~c H&-f, vea~lNo) and Fortini,Anthony:TheoreticalPerformanceof
ZP-4~el andLiquid@gen as a RocketPropellant.I - Frozen
Composition.NACARME56A27,1956.
15.Huff,VearlN.,Fortini,Anthony,andGordon,Sanford:Theoretical
PerformanceofJP-4FuelandLiquidOxygenas a RocketPropellant.
II - EquilibriumComposition.NACAM E56D23,1956.
.
.
NACARM E57G16a
.
.
TABLEI. - PROPERTIE3OFLIQUID0XIDANKK3
Property oxygen,02Fluorine,F2
Molecularweight,M 32.CX3 38.00
Density,g/cc all1415 blm54
IYeezingpoint,‘C C-218.76 C-217.96
Boilingpoint,‘C C-182.97 C-187.92
Enthalpyrequiredto convert
liquidatboilingpointto
gasat 25°C,kcal/mole ‘3.080 ‘3l030
Mthalpyofvaporization,
kcal/mole c~el.630 c~fl.sl
Enthalpyoffusion,
kcal/mole cJgo.lo6 c~h0.372
aAt -182.00 c; ref.10.
bAt-196°C;ref.11.
cRef.8.”
‘Ref.2.
‘At-182.97°C.
‘At-187.92°C.
‘At-218.76°C.
‘At-217.96°C.
.
— —
.
l
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TASLEII.-THERMODYNAMICPROPERTIESOF COMBUSTIONQASESFOR JP-4FUELWITSSSVSRALFLOORINS-0XY3ENMIXTURES
1Combustion-chamberp esmme, S00 lb\sqin. abaJ
3quiva- Fuel, oXldant-!Cemper- MolecularEnthalpy,Entropy,SpecificIaen-
lence
cherac- Charac-
percantto-fuelature, weight, h, B, heat, tropic teriatic-teriatlc
ratio, by weight ‘r, cal/g cal exponent,velocity vel~lty,
weight ratio,
w ‘D ‘K u
(6)(%) 2; r eqmnent,
(s/Ny) ncit ftla;c(a) (b) (b)
(b)
PercentfluorineIn oxidant,O (100uercentcmmen)
.-
22.71 3.4CE 3612 25.48 2331.6 2.5729
:::
0.451
26.07
1.209
2.S36 5628
0-0157 5475
24.03 2801.1 2.6815 .470 1.213 -0157
1.3 27.64 2.616 3612
5643
23.36 3074.1 2.7297 .479
1.4 29.15 2.431
1.216
3576
.0155 5707
22.70 3239.9 2.7740 .4a7
1.5 50.59
1.219 .0146 5755
2.269 5518 22.05 3329.0
1.6 31.9a
2.a146 .494 1.223
2.127
.o133 5765
3436 21.41 3551.a 2.a515 .501
34.59 1.a91
1.227 .0119
3205
5794
20.17 3s39.4
;::
2.9142 .513
37.01 1.702 2923
1.23a .CWo 5747
19.03 4105.8 2.9627 .522 1.260
3.0
.m45 6630
46.85 1.134 1657 15.49 5188.4 3.0102 .542 1.310 —— 481a
PercentfluorineIn kdant by weight,15
1.2 24.36 3.106 3735 23.3s 2a6a.3 2.7033 0.453 1.231 ----—
1.4
5773
27.31 2.6S2 3694 22.25 3206.2 2.7907
1.6
.469
30.04
1.235 -----
2.329 35a3
5ss0
21.15 3500.2 2.m50 .4a4
32.57
1.241 ------ 5929
2.071 3391 20.08
;::
3773.0 2.9264 .497
34.22
1.249 ------
1.a64 3142
5806
19.06 4026.7 2.9753 .597 1.259 ----— 5ala
ParcentfluorineIn oxidantby weight,30
22.56 3.432 3a6a 22.76 2a74.a ----
:::
0.434 1.252 ------ 591a
25.37 2.942 3S36 zri.al
1.6
3170.7 2.7a67 .451
27.9a 2.574
1.253
3745
------ ima
23.87 3445.8 2.85S0 .4a6 1.267 —-—
30.41
6074
2.2aa 3SS6 19.95 3702.3
:::
2.91S0 .479
32.69
1.263 -— --- 6068
2.057 3369 19.08 3942.1 2.9667 .490 1.2a4 --—— 6M5
PercentIluorlhein -dent by weight,50
1.2 20.03 3.992 4120 22.10 2a55.9 2.6aoo -0.409 1.2a8
1.4
6147
22.62 3.421
------
4100 21.31 3120.2 2.75S2 .425
25.04 2.994
1.281 ------
4030
6245
20-54
M
336a.1 2.a257 .439
27.31 2.661
1.2a2 ---— 6305
3a9a 19.78 3600.8 2.aa26
2.0
.453 1.2s5 ------ 6314
29.46 2.595 370a 19.03 3a19.9 2.92S2 .465 1.2siJ ------ 6270
Percentfluarlnein oxidantby weight,70.S7
1.0 14.a3 5.743 4a37 22.24 2592.0 2.5230
1.4 19.60
0.365 1.324
4.102 44s4
0.0147 5274
21.20 3064.9 2.8053
1.5
.397
20.71 3.a22
1.309 .0174
4479
64a4
20.95 S175.O 2.713a
21.79
.404 1.307
3.5a9 4398
.0174 6=9
20.97 32a2.1
R
2.7302 .414
30.33
1.397 .0172 6491
2.297 389a 20.41 412a.a 2.8MX .485 1.251 .Olls 6277
Percentfluorinein oxidant,100 (zeropercentoxygen)
J-0.366 1.247.399 1.230.432 1.211.475 1.204.485 1.2C2.453 1.226.531 1.1s2.589 1.1s4. J_----54a6------ 5s050.0014 57s9-— --- 6047.0098 aoso.Cm99 6116.0099 ao92.ooa5 5945
-. --
%e baseu8ed for enthalpy1s givenIn ref.2.
bpmmeter basedm frozena0Ulp061t10U-
.
*14
Temper-
ature,
T,
OK
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TA2LEIII.
- THEORETIC PERFORMANCEAT ASSIW2D‘HITTEMPERATLC+22FOR
[Frozencompositionduringisentropicexpansionor ccmpretmion
fromchamberpressureof 602lb/sqin.abs.]
(a)Percentfluorineinoxidant,O (102percentoxygen)
r, 1.03;ptir.tentfuel,22.71;O/F,3.403
E57G16a
.
&
.—
Statio m’lthalpy,Iaen- 8peaifia Abao- Thermalcbm- A1’ea l%rust 8peaific
preneure, h, tropla heat,~, lute duotivity ratio, oOeffi- Impulae,
P, Oal/g exponent, oal Vlb- k, c aient,
lb/g#ein. r m ‘y:ty. aal
.om](seo](* c? +
miOrO-
poises
L4000 1047.5003600 573.7303200 294.950asoo 140.1802400 60. P.!43aooo .22.7391600 7.1611200 1.731900 .455600 .079 F3076,8aa87.82700.9a516.72335.62158.619a 7.3~a23. a1708.41601.0
1.207 0.4554 986- 0.0 U055
1.ao9 .4507 922
----— —----
3.33 0.129
1.212 4450 854 :::::: 1.01
1.217
.745
143a~ 7a3 .00042
1.aa2
1.35 1.042
4295 708 .00037 2.23
1.229
1.26a
:41S2 627 .00032 4.37
1.240
1.455
540 .00027
1.a58 :;:::
10.20 1.61b
443 29. a7
10E79 .3s7?
1.7s6
~bl :::::: 83.01 1..f54u
1.310 .3a93 265 .00011 315.28 1.930
1.2Q;percentfuel,2a.07;o/’9,2.836
1.211 o. 474a 971 0.000S6 ——-- ------- -------
1.213 4700 907 a.afi 0.195
1.217 :4641 841 ::::::
34.1
1.02
1.221 4570 :;;”
753 132.0
1.a26
1.34 1:043 182. ,
:44ao ::::$: a.zl
1.234 .4362
1.265 2dl.0
61a 4.26 1.449 a54.2
1.a45 .4198 53a ::::2? 9.75 1.60u 262.3
1.264 436 ,,
1.2&6
a7 .86 1.746 5u6. J
::;:; 355 :::::$ 75.57 1.837 3a 2.;
1.317 .3434 262 .00012 a78. lo 1 .91.9 539. >
r, 1.30;percentfuel,27.64;O/F, 2.618
4000 1068 .”800 3261.0 1.213 o.4a39
3600
905 0.00057
5aa. a50 3068, ”4 1.a16
-----
4789 902 00053
--.----
3aoo
3.42 ‘---O.lzb
304.680
22.4
2870.0 1.a19 :4730
2800
836 :ooo4a 1,01 737 130.6
145.860 2690.2 1.224 .4657
a400
7bti .~(Jt)4d
63. a47
1.32
2505.7 1.229 .4566
1:031 182,0
693 .00039 2.14
aooo 24,0ai 2325.3 i.a 37. 4445
1.254 22a.6
1600
614 .00034
7,669
4.0?
2150.7 i.24H
1.439 255.5
:4277 529 9.?3
1200 1.a8i
1.5YU 2U 3.3
i9a4. a 1.267
900
434
.501
:8:8:: 25.94
1866.7 1.289
1.73’3 308, .3
:2:;:
600 88
353 .0001’7 69.39
1757.2 1.321 .3502
1.1527 J24. L
2b0 .00012 251. oa 1.909 338.5
r, 1.40;peraentfuel,29.15;o/’l?,2.431
3600 622.77o
3200
3251.6 z.ai9 0.4875 897 0.00054 ---——
3a 4.560 3057. a 1.2ae .4a14
8600
831 00049 1.00
156.620 a866.7 1.227
U. 704 125.3
a400
’763
66.535
:00044 1.27
8678.8 1.232
1.008 180. a
::::: 690 .00040 2.03
aooo 26.369
1.235 aai. a
2495.3 1.240 4524
1600
611
8.504
.00034 3081
a317.5 1.a5a
1.425 254.5
:4353
1200
5a7 ,00029 U,49
2.118
1.S84 285. >
214a.1 1.271
900
432
.573
.00022 23.49
2028.5 1.293
L.7a3 >Llu.i?
:;;:: 352 .00017 G1 .87 l.t!lh 524. ?
r, 1.60;peroentfuel,31.9810~, 2.127
3600 77a .670 3634a 1.2a6 o .5o38
3200
090 0 ,00055 ------- ------
409.370 3433.9 i.a29 4975
saoo
826 1 .0-4 0.;:: ;: ;.:
aoi .230 3236.4 1.a34 :4a98 7“5R ::::2:
a400 89.929
1.13
3042.4 1,240 .4802
2000
6H5
35.451
1.71
2852,7 1.248
1:169 210:5
1600
4675
11.767
608 ::::;; 3.08 1.369 246.6
2669.1 1.a60
1200
:4497
3.035
524 .00031 b.60
2494,0 1.2s0
L. 539 277. L
4245
900 .847
431 :::::”; 17.54
a370. a 1.303
1.685 503.4
:3995
600
351 44.60
.158 a254,6 1.334 .3709
1.780 52!0.6
260 .00013 1 5A .15 1.866 535.3
r, 1.80;peroentfuel,34.59;o , 1.891
3600 lioa.4oo 4043.1 1.a34 o .5192
3200
e8a o .00057 -----.- ------- ___-””
594.950 3a 36.7 1.a3a
a800 :::2:. : g:
5.09 U. 0135
a9a.6io 3633.2 1.243 ::::::
15.2
2400
;.;~ 750 i3> .5””
~;g.;;: 3433a l,a49
Booo
4948 &84
3237.8 1.257
,00042 1:052 lLi8.o
:4018
18:965
6 07 ?:?7
1600 3048.5 1.270
1.2 ai a28. a
1200
4637 5 23
5.oa2 2867.8 1.290
:;:.;;~.
;4382
4.63 1.469 26i!.3
900
4 31
1.466
.00024 11.69
2740. O 1.313 .4135
1..6al3 a90. a
352 ‘28.58
600 ,
1.731 309.3
.aa4 26ao. o 1.343 ..1a57 261 ::;::? 9’+.35 1.823 3a 5.7
r, 3.OQ;paroentfual,46as; op?, 1.134
laoo a52 ,500 5266.2 1.305 0 .5491
1.600
567 0 .00040 ---- ------- -----
51’7.330 5157.4 l,3ia .53a9 526 1.39 0.362
L400
51.3
29’7.010 5050, a 1.3 ai
L200 1;:.:::
::::;!
:::;: :?2
1.00
4946.6 1.333
1000
.00029 1.21
4845.4 1.346
1 :::: :::::
900 5i:5a4
307 .000as 1.74 1 .204 172.6
4795.9 1.354 ::::2
600
361
ii.3ao
.00023 2.21
4652.3 1.379
1.288 lt14.a
4666
400
275
2.662
.00017 5.70
456o.3 1.393 :4545
1 .505 216, J
206 .00013 14.99 1.629 233.0
----.--
2a. a
126.0
177. s
215.6
247.6
27 .5.3
296.3
314.5
52s.5
l
1
.-
d
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TA2E5III.- Continued.THSOREIXCALPERFORKLNCEAT ASSIONZDEXITT~~TORSS FORJP-4FUELWITHSEVERAL
‘emp+r-
Lture,
%
4000
360 O
3200
2s00
2400
2000
1600
1200
900
600
4000
3600
3200
2800
2400
2000
1600
1200
900
600
FLUORIN2-OXYOENMIXTURES
LFrozencompdsltlonduringisentropicexpansionor compressionfromccrnbustlon-
chamberpreseureof &Xllb/sqin.abo.]
(b)Percent fluorinein oxidantby‘weight,15
static SIlthalpy,Isen- ;ec;rlcpb&- ThermM Area Thrust speclfia
preaaure, h, tropic caduu- ratio, c-rri-
P,
lm~lae,
cal/g espO- %~ vlsc08- tivity, Llb/sqIn.
aieut,
nent, Cal lty,
abs r C& CF *
(g)(0=) :::;:: (cm)(sec)(°K)
r, 1.20;percentfuel,24.36;O/F,3.10SJ_u65.790 3008.7493.48o 28?.7.4265.100 2648.1132.330 2471.260.147 22 Q7.424.165 2127.38.1q O 1962.5a. 159 i804. Fl.612 1692.9.316 1587.9
r, 1I912.660 3350.2523.790 3162.02E13.530 2975.8142.730 27q2.165.500 2611.626.611 2435.09 .142 2263.82.453 2itlo.2.707 1984.3136 1875.3
r, 1
--11.229 01 .2321 .2361 .2401 .2461 .254i .?661 .28s1.3071.336
.40;percent
D
1.233 0
1.236
1 .239
: .:; ;
1:258
1.?70
1 .290
1.3s2
1.342
.60;Dercent
.4556
.4509
.4454
.438?
.4303
.4193
.4042
.3830
.3620
.3376
fuel,27
.4731
.468a
4625
:4556
.4469
.4354
.4196
.3972
;::::
fuel,X
5600
3200
?800
2.400
aooo
1600
12(-)0
900
600
810.670
449.060
231 .930
109.590
46.056
16.470
4.639
1 .397
.284
I3200 655.3702800 343.6402400 165.1902000 ::.::q1600$200 7:502900 2.313600 .483
r. 1-80;uercentfuel,32m
r. 2.CHJ:ceraentfuel.34.92;O/F,m
0.00059
.00054
.00049
.00044
.00038
.00031
.000ab
.000i9
.00014
1.884
I----—-—-0.406 72.8: .::; 144.6190.5i :264 226.81.434 257.3i .582 a83.81 .711 307.11 .797 :;:. :i .875 .
---------- 1 --——- 1 -—-—-
11.106 0.4941.069 0.8661.504 1.1172.529 1.3175.oi6 1.40512.170 1.63028.630 1.72589.450 1.811L90.7ls 9.0205.0241.7272.6a99.2316.733a.3m
NACARM E57G16a
TABLEIII.- Continued.THSOR2TICALP22FORMANCEAT MSIONEDHIT
FLuosINE-oxYom141XTUSE9“
T2MPERAT’USESFORJP-4FUELWITHS~
[FrozencompositiondurlnsIsentropicexpansionrmnpremicmfromacahusticm-
chamberpressureof 600lb/sqin.aba.1
(O)Peracntfl.orinein oxi6antby weight,30
emper- Statlc Enthalpy,Isen- specirlcg::- Therm81 Area ‘rhmst
ture, pre;sure, h, tropic heat,
T,
conduo- ratio, cOeffi-
Cavg w- Op, viBOOs- ti:ity,
lb/s&In.
L
‘K nent,
cient,
Cal ity, CpabB Y Cal
m ;::~z (cm)lmecj(”m
r, 1.20;percentfuel,22.56;U/’F,3.432
4000
3600
3200
2800
2400
2000
1600
1200
900
600w 0.4355 1155 0.00063 ------—. -------4311 1073 .00058 i .056 0 .546:4259 989 .00053 1 .063 0 .860
r, 1.40;*ercenttiel
4000 73a 690 3Z!44.9 .asa o 4526
3600 438:840 ~064.7 1 .255 :448o
320Q 246 .76o aeR 6.6 1 .259 .4426
2800 laq .590 2+7~o.8 1 .264 .4361
a400 62.377 a537.9 i .27CJ .42el
2000 26.762 2368.7 1 .279 .4175
1600 9.795 2204.4 1 .?92
1200 2,831 2047.0 i.3~2 :;:;:
900 .871 1934.9 1.334
600
.3642
.181 1828.7 i .361 .3437
r, 1.60;percentfuel
4000 828.3 80 3$64.7 1 .255 0.468~
3600 494.410 3378.1 1 .258 .4639
3200 279.450 3193.7 1 .262 .4583
2800 147.620 30~1.6 1.267 .4516
2400 71 .530 2032.6 1 .274 .4432
2000 30.929 2657.5 i .2e2
1600 11.427 2487.4 1 .296 ::?!?
1200 3.343 2324.6 1.316 .3963
900 1.040 2208.5 1.338 .3769
600 .219 aOQ8.6 1.365 .3561
r. 1.KI:nercentfuel
r, 2.00:D
0.4790
::::;
.4574
.446o
.4305
.4093
.3896
.369o
?centfuel
25.37;
L13i
1052
970
884
793
697
594
482
389
284
27.96je
1036
955
871
?82
688
587
477
385
282
30.41:
-
1024
945
862
775
682
5“83
474
384
282
32.69;m
939
657
770
679
581
473
384
283
+
100.4
158,1
199.3
232.8
261.5
286.6
308.7
323,6
~
/?,2.942
0 00064 --.---—.- --------. -------
.00059 1..086 0.s13 96.’0
.00054 1 .049 0.840
.00049
157.2
1.373 1 .069 200.0
.:: ;:; 2 .084 1.254 234.6
3.596 1.4L2 264.2
.00031 7.161 1 .550
.00024
290,0
17.230 1 .671
.00019
312.7
40 .070 1 ,753 327,9
.00013 123.500 1 .827 341,7
/t?,2.574
0.00065
.00Q60
.00055
.00050
.00044
s);;::
.00025
,00019
.00013
/’k.2.268
.
0.00062
.00056
.00051
.00045
.00039
.00032
.00025
.00020
.00014
z, 2.059,-
0.00063
.00058
.00052
.00046
.00040
.00033
.OflOab
.00020
.00015
-------—- ------.-
11.249 0.4061.018 0.7851.205 1.0301.912 1.2243.25’) 1 .3876.3W2 1.53015.130 1.65534.730 1.738105.400 1.814
I----1.002 0 .6701.157 0.9531.656 1.1662.7il 1.3435.263 1.49412.200 1.62627.510 1.71481.830 1.793
-------.-- ---.--.-
11.167 0.4S41.o38 0.8311.S83 1.0792.199 1.2774.093 1.4439.22o 1 .58620 .35.0 1 .68059.23o 1 .76b
76.7
148.1
194.4
231,0
26L.9
288,8
3ia.4
3!?8.1
34$3.4
.-.-..
1? 6.4
179.8
220.0
253.2
281.8
306.6
323.2
338.2
-------
84.8
155.0
201.5
238.3
269.3
296.0
313.6
329.5
.
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TASI&III.- Continued.TlD30RETICALPE?lORMANCEAT ASSIQNSDKXIT~ 20SJF-4~ WITHS~
FLUOFU.SE-OXYOENmxTVSES
lFrozenccmpositiomduriogLcentropicexpanelcmor capre.ssfonfromcmbuntion-
chamberpressureof 600lb/eqin.abs.J
(d)Percentfluorine1. oxidentby eight, 34
!emper- Static Ent:e.lpy,Isen- SpecificAb80- Thermal Area m8t Specificltll~, pressure, , tropio heat, lute cmduc- ratlo, cOeffi-
%
Lmpulee,
P, =V3 exw- %’ viscOs- tivity, c cient,lb/eqin. ncnt, ity,
abs Y
* &- ~Be=~cml(%)
‘%
+
poises
4400
4000
3600
3200
2800
2400
2000
1600
1200
900
600
4400
4000
3600
3200
2800
2400
2000
1600
1200
900
600
4400
4000
‘3600
3200
2800
2400
2000
1600
1200
900
600
4000
3600
3200
2800
2400
2000
1600
1200
900
6f10
4000
3600
3200
2800
2400
2000
1600
1200
lono
9no
600
809.530
524 .630
326.290
192.9S0
107.230
54.973
25.350
1;.;;:
1:075
.245
.248
r, 1.20;percentfuel,20.03;{
:;::.
2644:
2484.
2326.
2170.
m;.
1725 :
1622.
1524.
r, 1.60;percentfuel,25.04;1
895.750 3531 .3 1 .279 0.4431 1353
580.030 3354.9 1 .2S3 .4391 1263
360.410 3180.2 1 .286 .4346 1170
212.950 3007 .3 1 .291 .4296 1074
118.170 2836.6 1 .296 .4236 974
60.517 a668.6 1.303 .4161 S69
27.873 2504.0 1.312 .4o64 759
11.081 2344.0 1.326 .393a 642
3.533 a190.1 1 .347 .3756 517
1.184 2079 .7 1 .36S .3599 414
.271 1974.1 1 .390 .3445 300
r, 1.S0;percentfuel,27.31;1
674.500 3647 .3 1 .284 0.4539 1243
420.080 3466.6 1 .28S .4493 1152
248.860 3287.9 1 .292 .4440 1058
I3B.51O 3111.6 1 .298 .4377 960
71.186 2938.0 1 .305 .4300 857
32.923 2767.9 1.315 .4198 750
13.154 2602.6 1.329 .4o&2 635
4.220 2443.6 1 .349 .3880 512
1.422 2329.5 1.370 .372o 411
.32fl 2aao.3 1.393 .3564 298
r, 2.00;percentfuel,29.46;
S42.1OO 3956.3 1 .287 0.4682 1229
526.430 3770.0 1 .291 .4632 1139
313.200 3585.8 1 .296 .4577 1047
175.190 3403.9 1.301 950
90.549 3225.0 1 .308 ::::: 849
42.159 3049.8 1.318 .4326 743
16.978 2S 79.4 1.332 .4187 631
5.498 27t 5.5 1 .353 .40 O2 509
2.76o a636.5 1.366
1.868 2597.0 1 .374
444
::::; 409
.435 24R5 .0 1 .395 .3687 299
‘F,3.992
I---------1----—-0.00074
.00069
.00063
.00057
.00051
.00045
.00039
;g;;;:
.00019
--------
65.3
;;;::
214.7
244.3
270.1
293.1
313.6
327.6
340.4
—.
0 .136CJ73
.00068
.00062
;:;::;
.00042
.00035
.00027
.00023
.00021
.00015
1 .452
1 .001
1.175
: .:;:
4 :608
9 .849
15.790
20.6?0
56.68o
0 .33.9
0 .732
0 .976
1.167
.i.328
1 .46S
1.591
1.646
1 .673
1 .749
—--—.
65.9
142.7
190.2
227.5
258.9
266.1
310.0
::::;
340.8
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TASLEIII.- Continued.THEOFC3TICALPERFORMANCEAT LsSI(tNEDEXITTEMFERATURSSFOR
JP-4FUELWITHSEVSRALFLUOFIINE-0XYi12NNIkTUFIES
[Frozenoompcmltionduringiae,ntropiaexpanaionor oompreasionfrom
combustion-chamberprea~u=eof 600lb\sqin.abs.]
(e)Percentfluorinein otidantby weight,70.37
Temper- Statio Enthalpy,Isan- Speoifia Ab601ut<
ature, pre;eure, h, tropic heat,Op, vi8c0a-
T,
%
cal/g exponent, i;;&:
lb/s&in. r
abs (s;&K) -poises
Thermal Area
conductivity, ratio,
%<[%? c
Thrust ISpeci-aoeffi- fia im-
I
0/%,5.743r, 1.00;percentfuel,14.8?
-------- -.-----$400 eeo .19
$000
2735 ..9 1.321
595.53 a5 .99.3 1.324
3600 388.09 2444.0 1.32S
3200 241.56 2300.1 1.333
2800 141.97 2157.9 1.338
a400 77.518 2017.5 1.345
0.3678 1583
.3648 1474
.3615 1361
1246
:: 2;: 1126
.3480 1001
0.00076 ------
.;: ::: 5.53
1.03
:00058 1.04
.::::: 1.27
. 1.74dC.nsz! 15.3.611 113.5.s58 159.31.047 194.31.204 223,62.63 i.34i 249.04.47 1.462 271. S6.”91 1.571 291.517. S8 1.645 305.444.90 1.714s3 H.a.00039w-x-
percenhfuel,19.6C
.00032
::;;::
. 00014
O/F, 4.102
0.000864s00
$400
Cooo
7600
5200
2s00
016.82
564.56
378.05
243.66
149.84
86.912
3198.8
3039.6
2861.9
2725.5
2570.8
2417.8
., -.. .
1.306
1.310
1.314
1.317
1. 3“22
1.325
1,335
1.345
1.359
1.380
1.399
1.417
0.3999
::;:+
.3890
.384s
.3798
m
1557
1449
1337
lz2!i”
1102
979
849
713
“568
451
324
, 20.71
1647
1542
1434
1324
1209
1092
969
841
706
563
44-7
321
, 21.79
149?
1393
1286
1176
1061
943
818
688
548
435
312
---—-
a.oa
1.CIZ
1.04
1.25
1.65
------- -----
G.?33 4G.9
.626 126. ?
.853 171.8
i.na9 207.4
i.17e 237.3
.Ooofla
‘3400
3000
L600
L200
900
600
46.773
22.792
9.671
3.329
1.193
.295
806.49
556.04
371,36
238.6”5
146.31
84.56S
45.339
21.998
9.289
3.180
1.134
2267.1
2119.2
1975.1
1“835.9
173S.6
1638.6
::::;
.3546
.3405
.3286
.3105
::::::
,00034
0002”6
:00020
.00014
0/9, 3.029
0.00087
:::::2
::::::
. 00055
2.36
3.71
6.52
13..38
26.93
70.30 i-
1.307 7?63,5
1.424 286,9
1.528 307,9
1.623 3a7.o
1.6F8 340.1
1.748 3S2.3
—
..r, 1.5(
T
3305.1 1.304
3142.9 1.307
29e2.2 1.311
2823.0 1.315
2665.3 1.319
2509.6 1.325
percentfu
0.4074
.4035
.4000
.3962
(000
1400
fooo
5600
5200
?800
-—- -------- ------
C. 260 52.8
637 129.5
:S6Z 175.0
1.n36 2j.o,15
1.184 240.6
1.83
1.01
1.~~5
1.27
1.68
.3919
.3868
2356.1 1.332
2205.5 1.342
20 S8.9 1.357
1917.3 1. 377
ls 15.3 1.397 11.313 265,91.4a9 290.41.533 311.61.428 330,01.493 344.~1.753 356a3400toooL600L200900600 .3804.3720.3609.;::: .00048::::::.00026.00020 2.423..916.7313.9028.1173.s7.279 i716.7~1.4i5 .3234m . oooi47) , 5.5890.00080:j~;;::000550004011400 6Q2.43(000 398.175600 253.045200 153.25)800 87.418?400 46.181 --—-1.032.041.a41.66 m-—-—--- -0.590 119.1.835 i6H.5~.nal 2r36.(12.176 a37.31.311 264.52.41
tooo 22.038 2324.4 1.33a .3800
L600 9.130 2174.6 1. 346 .3683
.200 3.055
900
S030.2 1.367
1.067
.;:::
1926,2 1.386
600 .256 1825.9 1.405 :3288
3.85 Wlw —
r, 2.50;
T
4L7S.’d 1.250
3984.6 1 254
3793.6 1 258
3605.3 i 264
3420.4 1 270
3239.5 i 279
)ercenth{
).4868
.4809
.4743
:::::
.446o
# 30.33;O/F,2.297
T
1570 0.00096
1447
1321 :::;!;
1190 .:::::
1055
913 :00052T1000 682.17!600 404.11;200 226.76)s00 i18 .921400 57. aol)000 24.541 -------1.041.081.44a. 2-03.82 ---..-- ----—0.574 112.0.876 170.8L. ’994 2i 3.41.273 Q44.31.426 27s.2E-1-w1.3064.1 1 2922895.7 1 311a775.a I 330266o.2 1 353 .
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TABLEIII. - Continued.THEORETICALPERFOWCE AT ASSIGNEDEXITTEMPERATURESFORJP-4FUEL
WITHSEVERALFLOORINE-OXYQENMHTURES
[Frozencompositionduring isentro~iceximmion or
compressionfrom combustion-chemberpressure or
600 lb/sq In. abs. ]
(f) percent fluorine in oxidant, 100 (zero percent oxygen)
Static %llthalpy,Isen- SpeclflcAbso- Thermalcon-Area ThruetSpecLflc
preeeure, h, tropic
P, hea:;lcP’~;e
ductivlty,ratio,coeffl-impulee,
cal/g exponent, k, clent,
lb/sqIn.
s
?’ —(g)(~) aoeity cal
abs mi:;o-(cm)(sec)(°K) CF +
poises
r, 1.00;percentfuel,11.01;O/F,0.003E=wer-ture,T,%
4CX20 629.59 2635.1’I 1.2463600 370.72 2489.4 1.250 0.3669.3619 11071026
943
657
767
0.00051 I ----- -----.00046 1.010 0.630 -----107.1
3200 206.77 2345.6 1.255
2600 1o7.75 2204.1“ 1.260
2400 51.440 2065.0 1.267
2000 21.636 1920.7 1.274
1600 7.856 1795.7 1.284
12s)0 2.193 1667.0 1.298
900 .639 1573.8 1.311
.3567
.3510
.3445
.3368
.3274
.3158
.3055
.00042 1.113 .911
.00038 1.519 1.121
.00033 2.362 1.295
.00029 4.155 1.445
.00024 6.463 1.577
.00019 21.153 1.696
.00015 51.9251.777
154.9
190.5
220.0
245.5
268.0
268.2
301.9
6ii
570
461
371
r, 1.50;percentfuel,15.65;O/F,5.389
1.227
1.230
1.235
1.239
1.245
1.251
1.259
1.270
1.2s5
1.299
0.4040
.3984
.3926
.3865
.3796
.3717
.3623
.3506
.3362
.3241
1222
1140
1055
967
876
781
6S2
576
462
369
0.00061
.00056
.00051
.00046
.00041
.00036
.00031
.00026
.00020
.00015
4400
4000
3600
3200
2800
%%
1600
1200
900
990.47
593.35
339.46
183.55
92.494
42.568
17.365
5.981
1.593
.446
3217.5
3057.1
3898.6
2743.0
2589.8
2439.5
2292.6
2150.0
2012.5
1913.5
-----
4.431
1.000
1.173
1.673
2.712
4.983
3-0.627
27.904
71.384
-----
0.098
.681
-----
17.0
118.6
166.2
202.4
232.4
258.5
281.5
302.0
315.9
L .954
1.162
1.334
1.484
1.616
1.733
1.813
— —
I I I
r, 2.00;percentfuel,19.84;0/%;4.041
4400 779.01
449.96
247.51
128.23
61.656
26.939
10.367
3.342
.824
.216
3540.4 I 1.208 10.4363 [ 1274 I 0.00068 1 ----- l----- I-----
4000
3600
3200
2600
3367.2 1.212 .4300
3196.5 1.216 .4235
3028.5 1.235 .4164
2863.4 1.226 .4086
2701.8 1.232 .3994
1186
1096
1003
907
607
.00062 1.101 0.468 87.9
.00057 1.054 .634 150.3
.CQ049 1.410 1.070 192.9
.CQ046 2.179 1.260 227.1
.00040 3.769 1.421 256.22400
2000
1600
1200
900
2544.1 1.240 .3864
2391.4 1.251 .3747
2244.8 1.266 .3576
2139.7 1.281 .3431
702
591
471
374
.00034 7.461 1.565 281.7
.00028 17.135 1.689 304.4
.00021 48.851 1.801 324.6
.00016 134.105 1.878 338.4
I r, 2.dO;percentfuel,25.73;0/%,2.667
4400 724.75 4079.1 1.202 0.4776
4KI0 413.02 3889.3 1.206 .4710
3600 223.78 3702.3 1.209 .4642
3200 113.97 3518.1 1.214 .4567
2s00 53.745 3337.0 1.218 .4464
2400 22.983 3159.6 1.224 .4385
2000 8.612 2986.6 1.232 .4262
1600 2.696 2819.1 1.243 .4106
1200 .643 2658.8 1.260 .3899
900 .165 2544.4 1.275 .3727
1935 0.00112
1788 .00102
1639 .00093
1406 .W83
1329 .@3073
1167 .W063
-----
1.040
1.090
1.510
2.400
4.2S0
-----
0.553
.875
1.105
1.291
1.450
-----
103.9
164.5
207.6
242.6
272.5
1001 .CQ053 8.670
828 .CQ042 20.560
646 .00032 60.650
502 .(X3024 170.70
1.590
1.715
1.827
1.902
298.9
322.4
343.3
357.5
.
a
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TAE.LEIII.- Concluded.THEORETICALPERFORMANCEAT ASSIGNEDEXITTEMPERATURESFORJP-4
FUELWITHSEVERALFLUORINE-OXYGENMI~URS9
[Frozencompositionduringisentroplcexpamlonor
zomreselonfromcombustion-ahamberpreaaureof600
/lb sq in.abs.j
(f)Concluded.Percentfluorinein oxidant,100(zeropercentoxygen)
!?emper-Statlc Enthalpy,Ieen- SpeclficAbso- Thermalcon-Area ThrustSpealfic
ature,preBBure, h, tropic heat,Cp,lute ductlvlty ratio,coeffi-
T,
Impulse,
P, cal/g exponent, cal vie- k, olent,lb/::Bin.
6
% 7 —(g)(o~)Coelty oal
#o (cm)(eec)(°K) ‘F +
poises
r, 3.00;percentfuel,27.07;O/F,2.694 ..
4400 739.12 4213.5 1.200 0.4879
4000 419.19 4019.7 1.204 .4812
3600 225.92 3828.6 1.207 .4742
3200 114.41 3640.4 1.211 .4666
2800 53.598 3455.4 1.216 .4581
2400 22.732 3274.2 1.222 .4479
2000 84.54 309.7.4 1.230
J.600
.4354
26.21 2926.3 1.241 .4193
1200 8.19 2762.7 1.257 .3979
900 1.57 2646.0 1.273 .3799
2119
1955
1787
1616
1441
1262
1078
887
689
533
4400
4000
3600
3200
2800
2400
2000
1600
1200
900
r, 3.50;Dercentfuel,30.2
830.78
464.76
246.79
122.95
56.562
23.503
8.539
2.576.
.589
.145
4554.4
435U.5
4149.5
3951.5
3757.0
356G.3
3380.4
3200.6
302E.8
2906.5
1.U35
1.198
1.201
1.205
1.210
1.216
1.224
1..234
1.251
1.266
I 0.5133 / 2550
.5062 2341
.4989 2130
.4909 1916
.4818 1698
.4711 14’77
.4577 1251
.4406 1o20
.4173
.3978 %
0.00127 ----- ----- -----
.00116 1.030 0.542 102.4
.03105 1.090 .071 164.6
.00093 l.slo 1.103 208.5
.00082 2.410 1.292 244.1
.00069 4.330 1.453 274.5
Oh, 2.309
0.00158 I ----- -—-------.00143 1.130 0.458 87.1
.00129 1.060 .833 158.4
.00114 1.450 1.082 205.7
.00100 2.340 1.280 243.4
.00085 4.260 1.449 275.4
.CCI070 8.870 1.596 303.3
.c0056 21.7401.726 328.1
.00041 66.8301.842 350.1
.00030 194.93I1.920 ‘-365.0
r, 4.00;percentfuel,S3.10;-C@, 2.021
4400
4000
3600
320fJ
2800
2400
2ooa
16CKI
1200
900
1022.20 I4902.9 I 1.189 I0.5381563;19 4689.2 1.192 .5305294.16 4478.5 1.195 .S227
143.93
1“
4271.1 I ‘--- I “---”1.199 .514264.911 4067.3 1.204 .5046
28.379 I3867.7 I 1.209 I .49339.345 3673.1 1.217 .47912.738 3485.0 1.228 .4808
.604 I3305.3 I i.244 I .4359
3858
2617
2373
2127
1878
1626
1371
1112
848
.145 I3177.7 ~ 1.259 I .4149 I 646
0.00184
.00167
.00149
.00132
.00115
.0cM98
.00080
.00063
.00046
.00034n----1.9201.0101.3402.1503.9606.39021.07066.850200.73T- -----0.230 43.5.751 142.21.033 195.61.250 =6.61.431 ‘“270.91.567 300.51.725 326.61.647 349.?1.929 365.2
r, 5.00;percentfuel,38.22;”0/F,1.617
3600
3200
2800
2400
20Q3
1600
1200
900L981.05496.15234.40101.7339.60913.3663.701.764.172 5361.65133.24908.64688.04472.64261.64058.43864.73727.4 1.1811.1841.1881.1931.1981.2051.2161.2311.246 0.5753.5664.5568.!5461.5334L.5177.4974.4697.4461 I2835L256923cKl2029175514771196910692 0.00194 I ----- -----.00174 1.240 0.3951---1~::209.9250.7‘“284.9314.4””340.2357.3 .
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TASL2IV.- TS2LlSETICAL~E AT HIONSO PRE3SOS2SATIOSPSOM1 TO 8 FOS
JP-4FUSLWITHTWOFLUORINS-0XY02N~
[Frozencompositionduringismtropicexpansion- oomkamtien-ahamber
pressureof SKIlb/sqin.abs.]
(a)percentfluorinein otidant,O (1W peraent04gen)
Presuure stAtio Temper-sntl&Y, specific
ratio pryzre,
P&
stare, , heat,~,
lb/s~in. % =@g &
r, 1.W; percent fuel,22.”
1.000 600.00 3612 2531.6 o.45i
I.oao s8s. a4 360 O 25a6. o
:.:;: .55:.:; 3588 a520.6 :::?
3500 2481.0
1:480 404:73
1.779
3374 a4i34.4 ::!:
337. a7 3a68 a377. a .446
a.aao a69. .aa 3143
4.000
23al.4
150.00 a833 a184.7 ::2$
8.000 75.00 a50a ao40.7 .43a
r, 1.20;peroentfuel,26.(
~
. 36a8 a90i. i 0.4 0
. 3616 a895. a
. 36o4 a6389.4 ::::
. 3514 a847.3
. 3384 a786.6 :::;
. 3a76 a736.4
. 3149 a677. a ::2;
2834 a53a.4
75:00 a498 a379.8 ::::
r, 1.30;~rcent fuel,27.6
m
m
r, 1.60;peroentfuel,31.9
1.000
i.oao
1.040
i.aoo
1.500
1.797
a.a50
4.000
8.000
m
r,1.S0;peroentfuel,34.:
m
r,3.00;percentfuel,46.8
~
Isentropio!ltu’uBt Area Speolria
expcment, OOeffi- ratio, impulse,
y I“%t’l ‘“M.M1 I I AD; ofF,3.403.
z.ao9 —1.Z09 o.ia% 3TSZ ‘——aa.o
z.aos .laa a.404 31.0l.aio .390 1.a63 66.3i.all .56a i.03a 96.6i.aia .681 1.000
1.ai3
115.9
.795 1.030 i35.a1.216 l.oal 1.301i.aao 1.a15 173.?1.931 ao6.7
m
;o/P,Z.sle
1.ai6 I-------I --.--—I --—m
;O/F,2.431
m
z 0~, 2.127
m
m
;o/F,1.134
1.310 —-- .-2 —---
1.310 0.133 3.42a 19.1
1.311 2.471
1.313
a6.9
:::: 1.aa9
1.317
57.5
1.028
1.320
a7. o
::!: 1.000
1.3a4 .825
ioa.7
1.027 Lla.4
1.334 i,oa9 1.a46
1.347
147.6
.i.ail 2.776 i73. a
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TABLEIV.- Concluded.THEOREl?ICALPERFORMANCEATASSICtNEDPRESSUREATIOSFROM1 to 8
FORJP-4FUELWITHTWOFLUORINE-OXYGENMIXTURES
[FrozencompositionduringLsentroplcexpansionfromcombustion-chamber
pressureof600lb/aqIn.abs.]
(b)PercentfluorineInoxldantbywelght,70.37
Pres- Statfo Temper-Enthalpy,Isen- SpeclficArea 1
.1
Thrust Specific
sure pressure,ature, h, tropic heat, ratio, coef’fl-lmpulse,
ratio, P, T, cal/g exponent, Cp3 c clent,
PJP lb/sqin. ‘K Y
abs cal(6)(°K) ‘F *
-—.—. ..----—— _
r,1.00;percentfuel,14.83;o/F,5.743
L1.00 600.001.02 58S.241.04 576.923.20 500.001.54 388.99h.es 324.152.31 259.334.00 1.50.008.00 ‘75.00
1.00
1.02
1.04
1.20
K::
2.30
4.00
8.00L-600.00588.24576.92500.00390.93325.77260.62150.0075.00
1.00
1.02
1.04
1.20
1.53
;.;:
4:00
8.00160058857650039132626015075
4007 2592.0 1.32’4 0.36
.36Z 3:433 5.134
-------
-------
3988 2584.9 1.325
3969 2578.0 1.325
3832 2528.1 1.326 :;;; ;:%
3602
::::
2444.8 1.328 .362 1.028
3443 2387.4 1.330 .360 1.000 :%
3257 2320.6 1.332 .358 1.027
2839 2171.7 1.338
f3380
.3.541.243 1::;:
2010.5 1.346 .348 1.772 1.211
F,1.40;percentfuel,19.601o/F,4.1o2
4464 3064.9 1.309 0.397 --------------
4443 3056.6 1.310 .396 3,419 0.133
4423 3048.6 1.310. ;396 2.469
4275 2990.2 1.311 .395 1.288
4032
::;:
2894.5 1.313 393 1.02s
3860 2827.0 1.315 :391 1.000 ::::
3659 2748.4 1.317 .390 1.027 .823
3201 2571.1 1.322 385 1.250 1.029
2700 2379.8 1.329 :378 1.790 1.212
r,1.50;percentfuel,20.71
3175.0 1.307 0.
:;: :% 3166.6 1.307 .
92 4438 3158.4 1.307 .
:00 4291 3099.1 1.308 .
30 4050 3002.2 1.310 .
:07 3878 2933.6 1.312 .
87 3677 2853.7 1.314 .
:00 3219 2672”.9 1.319 ,
.00 2719 2478.1 1.326 .
; 0/!?,
404
404
404
403
400
399
397
392
386
3.829
1-------- -------
.,..--..—
-------
24.8
34.9
74.5
224.9
------ -
26.3
37.7
80.6
121.9
143.9
165.9
207.3
244.2
- ------
27.0
38.0
81.2
122.6
144.9
167.2
209.0
246.2
r, 1.60; percent fuel, 21.79;O/F,3.589
1.00 600.00 4396 3282.1 1.297 0.4;4” ----.-- ---------------
3.02 588.24 4376 3273.8 1.297
1.04
.413 3.408 0.133
576.92 4357
26.8
3265.8 1.298 413 2.461
1.23 500.00 4216
.186 37.6
3207.7 1.299
1.53
:412 1.285
392.53 3987 3113.6 1.301$.83 .410 1.029327.10 3822 :% 1:::;3046.2 1.302 .408 1.000 710 143.3
2.29 261.69 3628 2967.4 1.304 .406 1.028 :820 165.5
4.00 150.00 31s4 2788.1 1.310
8.00 75.00 2699
401 1.255 1.028 207.3
2595.3 1.317 :394 1.805 1.212 244.5
r,2.50;percentfuel,30~33i7O/F,2.297
1.00 600.00 3898 4128.8 1.251 0.485
1.02
-------------
588.24 3883 4121.3 1.251 485 3.366 0.131
1.04 576.92 3868 4114.D 1.251 :485 2.432
1.20 500.00 3758 4060.9 1.252
1.50
:;::
398.77 3590 3980.0 1.2.54 :% :::;: 583i.81 332.31 3460 3917.4 1.255 .479 1.000
2.26
:695
265.85 3306 3843.9 1.257 .476 1.029 807
4.00 150.00 2938 3670.1 1.262 470 1.277 1:024
8.00 75.00 2542 3485.5 1.2613 :461 1.866 1.213
a
At throat.
- .- -- -
25.5.
35.V
76.Q
113.8
135.6
157.5
199.5.
236.<
—- _———
“—
—
i
>.
.
.
.
..
.-
. .
* “;
—
.
—
..
.
*
—
.
—
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Wi13mv. - THEORETICAL
.-
$
b’
.,
PEKKRMMCEATASSIGNED-SK RATIOS= JB4 FUELWITHSEVXShL
mumlm-cfxmmMnmJREs
[Prozenacmpoaition6uringisentr~ice~i~ fim CCQbuBtim-chamberPresmxeofSW lt#sqin.RIM.]
(a)Per.entfluorinei.odde.nt,O (100wr.sntoxygen)
I10 60.0015 40.00ao 30.0030 ao. oo40 15.0060 10.007.501:: 6.OO150 4.00aoo 3.00300 a.oo400 1.50600 i.;:8001000 :601500 .40
I
10 60.00
15 40.00
20 30.00
30 ao. oo
40 15.00
60 1$.CI~
80
100 6:00
1s0 4.00
200 3.00
300 2.00
400 1.50
600 1.00
800
1000 :::
1500 .40
10 60.00
1s 40.00
ao 30.00
30 ao. oo
40 15.00
60 10.00
7.50
1:: 6.OO
150 4.00
200 3.00
300 a.oo
400 1.50
600 1.00
800 .75
1000 60
1500 :40
a403
2a32
2117
1963
1860
272a
16a9
L561
1441
1361
1255
11.83
1087
ioa4
976
894
2398
aaa4
aio7
195a
1847
1?08
161.5
1s45
i4a5
1344
za37
1165
1069
1004
957
875
a377
aao2
2086
1930
1826
1686
1!593
15a3
1403
13a3
la16
1144
104.9
9a4
937
655
T11 .n.i.aaa 1.266~.aas1.3501.aa71.4041.a301.4711.a3a1.5k41.2361.5691.a391.605t.a4a1.631
A.0606.06ao.:3;;:0680.0696.0709.0733--lZ067.6ao 34.31990.51961.6~9a 3.91899.01080.81849.9
1%.a52 1.6711.256 1.6981.a62 1.7341.a66 1.757x.a7a 1.7871.2’77 1.8061.201 1.8201.2e0 1.844
1, 27.64;O/’P,2.
T
z.aa9 1.a66
1.232 1.349
1.235 1.402
1.238 1.469
z.a41 1.511
1.a45 1.566
~.a49 1.601
1.251 1.6a6
L1.a56 1.6681.260 1.6961.268 1.7311.271 1.754~.a77 2.7841.28a 1.803~.aab 1.8171.a93 1.840
kre.s- &ea 9Decific-Sgeclfio
?ati0 ratio, impulmb i~se,
!xgonent, c
nc
‘w~” -
-).0049
0061
:0071
.0085
::?::
.oiaa
.0131
0148
:o16a
.:;::
:oa15
oa30
:024a
0264
-
3
).0047
:::2:
ooea
:0092
0107
:0118
.ola7
::;::
.0175
::;::
02aa
:oa34
.oa55
a.aa
a.903.534.695.767.7L9.s2ii.ai
15.13
18.74
a5.37
31.47
42.67
5a.96
62.63
84.94
a.aa
2.89
3.51
4.66
5.71
7.65
9.43
11.10
14.96
18.51
as.oa
31.00
41.96
5a.oa
61.46
e3.19
a.al
a.es
3.50
4.64
5.69
7.60
9.37
li.oa
14.84
18.36
a4.79
30.69
41.49
51.40
60.68
B2.04
0.0161
:::;:
:oL7a
0175
:0178
.0179
0182
:0185
.0188
.0190
.0193
.0195
:::;:
.0181
0163
:0186
::;:?
0193
:0195
.0198
.0176
0178
:0181
0183
:0186
0188
:0189
.o19a
a15.5
aa9.8
238.8
a50.3
257.’?
a67.o
273.1
277.5
aa4.8
289.6
a95.7
a99.7
304.9
308.a
310.7
314,8
aaa.o
a36.7
a46.o
a57.7
a6s.3
274.9
asi.o
a85.5
293.0
a97.9
304.1
3oa.a
313.4
316.8
319.3
3a3.4
a24.5
239.3
a48.7
a60.5
a68.1
a77.7
aa3.9
a88.4
295.9
300.8
307.1
311.1
316.4
319.8
3a2.a
3a6.4
.
.
.
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ThmEv. - Continued.THE-IML PESKRMNCEATASSIGNEDPRESSUREATIOSECIRJP-4FUEL
&ozen oomposltlonduringlsentroplcexpwmfcmfrcm.Cmbuution.ohamberpr ssureof600lb/mqin.abs.]
(a)Conaluded.Peroentfluorineinoxidant,O (lW penwntOWgen)
10 60.00
1s 40.00
20 30.00
30 20.00
40 15.00
60 10.00
7.50
1:; 6.0 O
Prem- 8tatlo Temper-Temper-Enthalpy,SpeoifioIaen-
Bure pre;mure,atuy, ature heat,c*,tropio
ratio, lwcment, Oa?)s
Pofi lb/& in. 4
abB
mlllo:il 3
L150 4.00200 3.00300 S.oo400 1.50600 1.00Soo ?51000 :601500 .40mL422 1.262:417 1,266410 1.27a:404 1.277.396 1.2S4.391 z.aes387 L.a93:379 1.300m10 60.00 ZZ18 0.0366 Z955.7 0.475
mm
4.00 449
;:
458a.5
3.00
.457
414 4.566.6 .455
!1,31:9(
~.a43
1.247
1.a49
1.254
1.257
1.262
1.Z66
1.269
1.a75
1.280
i.a87
1.a92
1.300
1.305
1.309
1.317
cl,34.:
1.a56
1.a61
1.i364
1.a69
1.a73
i.a79
1.284
1.a87
1.a94
i.!a99
1.307
l.sla
1.3ao
1.326
1.330
1.337
01,4.s.8
1.351
1.s59
1.364
1.371
;.;;:
1:384
i. 387
1.391
a. 393
mruat Area- Area rSpeOifiO-Sp*oifioOOerri-ratio ratio, imwlae impulam,oient, exponent, Sc~ nc ‘“Yt’ *
I I I I In
ofF,2.431
1.265 o.oo43– 2.80”
1.349 .0055 a.a7
1.401 0063 3.49
1.467 :0076 4.61
1.510 0085 5.65
1.564 :0099 7.55
1.599 0120
1.624
9.a9
:0118 10 .93
L.0134 14.710145 18.17:0163 Z4.50.0175 30.31019s 40.93:0207 50.650Z17 59.76:oa36 80.6s
.
T:01:1 241:2.015s a50.6.0155 a6a.5.0157 a70.t.0160 a79.7i186.0”:;;:: a90.5
J-0166 a98.o:::$: 3oa.8309.1:0173 313.1.017s sla.s.0177 3a3.73a4.2::;:: 3a8.3
1.600
L.6al
T2.022.57:.::4:766.ao7.49S.69
-
280.5
191.3
198.0
ao6.3
aii.5
217.9
asa.o
294.9
aa9.6
a3a.6
—
.
.
.
NACARME57G16a 25
TABLEv. - Continued. TBECEWCICALPERIWWWCEATASSI@lEIlPRESSUREATICSFCRJP-4FUEL.
.
ittTESEVERALFLUC$IUJE-OXYGKN~
thor.anocmpaaitlm6urlnaisentr@olxpansionh amtutim-ulmuber
pmmureoram l?+qtn.ah.]
(b)Pero.ntfluorine in d-t by.d@t, 16
Pr9mure static Temper-mtbalpr,slle- IMen- -t ha
ratio preyur*, ature, h,
S39C::
Cirio WOplc cmrPi- ratio,
P& 04S heat,lb/66mfn. ew Oimt,‘+ I
‘% nant, % ‘ jib)6CCY
*)
r.1.20:c.crcentfuel.24.5S:Ofi,3.104
1 00
1:04
1.494
1.793
s.a41
600 00
576 :9a
401.63334.69
067 .751370:34633345sao62399008900811s141807166a1498lt801009S96
r,1.4
~
3303~
s164
a358
aoso
0041 i
1776,
1769
1631’
146a
1146
977
.s6S,
m
35a3
3a55
331319“i~
3057
006s
196a
1954
1694
1687
155a
13a7
1080
916
ao9
7sass.Z878.9a765.6a7ia.9a660.S TYE75.45a.449.448.446 -1 .a3i1.a3ii.a331.a341.036 —----0.1830.5760.6890 .801T—-——a.4i8 3a .81.031 103.31.000 la3.51.030 143. ?a.178 aa6.83.431 a50.93.479 asl. s5.636 a70.15.617 a70.610.00ao.ooao.4140.0040.83
60.00
:::.::
600:00000.00
1.00
1.04
1.496
1 .795
a.244
10.00
ao. oo
ao.4i
40.00
40.83
60.00
100.00300.00
600.00000.00
60.00
30.00
a9 .39z
15.00
14.696
10 .00
6.00
a .00
1 .00
60
aa96.9
8164.98161.3
aoso.1
ao47. o
1990. a
t9al.5
1797 .0
173a.7
L691.4
.430
.4aa
.4aa
.41s
.41s
.407
.399
.saa
.370
.36a
uel,27
I.469
.469
.4a6
.464
.46a
.446
437
:437
.407
.407
.421
.413
:394
.3.s1
.373
m
).484
.484
.480
.47a
.476
1.a46
I .25a
1 .asa
1 .2S9
i .a59
1 .a64
I .a70
I .aa6
t .298
1 .307
il;0/3.
I .035
I .a35
I .037
1 .23s
1 .240
i .a61
I .057
1 .057
1.264
1 .a65
1 .069
1 .276
;.:;:
1:315
~
i1a4i
I .043
i .044
i .046
I .a58
1 .a65
1 .a65i .a73
I .a73
I .a7a
1 .086
1.305
1.31n
I .3a7
1 .S64
1.3961.4oa
1 .6o5
l.soa
7.376 !a79.6i.55a
Mwi!l!H
662
E
-------- — ----—-
0.183 a.4ai 33.5
0 .577 1.031 105.5
0 .690 1.000 106.1
o.ao2 1.0a9 146.6
1.864 0.170 a3t. o
1.397 3.413 065.4
; AI; 3.460 056.0
5.497 a74. a
1.506 5.576 a7b.3
1 .556 7.315 aa4.4
1..614 10.540 295. o
1.714 03.340 3z3. a
1.’t63 3a .670 3aa. a
1.794 56.130 3a7.8
11;pareent
3006.2
3193.3
3078 .3
3oa3.5
a9s9. t
600.00
576 .9a
401 .0!3334 .04
a67 .39
60 .00
30.00
a9 .39a
15.00
14 .696
10,00
6.00
z .00
1.00
60
a59a.9
%456.7
a45a.9
a33a .4
a335. a
aa76. a
aao6.3
ao78 .9
ao13.3
1971.3
~;percent
3500. a
34s7.1
3369 .a
3313.6
3047 .9
1.00
1.04
1.499
1 .799
a.a49
600.00
576 .9a
;g;.;:
a66 :83
-—----- -------
0 .ia4
o .579
0.690
0 .ao4
1.a63
1 .396
1.3991.501
1.504
1.553
1.610
1.708
1.756
1.786
0.405
i.031
1.000
x.oa9
33a
106.8
107 .5
i4a .a
a3a .8
a57. a
a5’3.9
a76 .6
a77 .I
aa77.3
a739.8
a736 .0
a6ao.9
a617.7
.459
.449
.449
.4S8
.43a
a. isa
3.384
3.4315.435
5.513
7.aao
10.370
20. s40
37.690
54. s40
10.00
ao. oo
ao.4i40. OQ
40.a3
60 .00
30 .00
;; :~:a
14.696
60.00
100.00
300.00
600.00
000.00
10 .00
6.00
a .00
1.0060
a559. i
a4aa.6
a36i .a
aa97 .0
aa56.6
.431
.4aa
.40a
.390
.381
.uel.S2
aa6 .a
096 .7
314.7
;:; .;
iYr 071m m
.46E 1 .a68
.458 i .076
.457 i .076
.446 l.aas
.446 L.206 LL1.a63 0.241 a3i. a1.394 3.345 a55.9;::;: 3.391 a56.85.349 074,91 .500 5.405 a76.41.549 7.oa7 a84.31 .6o5 10.150 a94.5i .700 Z2. i613310.1t.746 S6 .370 300.61.775 50.410 3a5.910.00 60.00 ali5ao.oo 30 .00 18a4ao .41 a9 .39a la1640.00 15.00 156740.s3 14.696 1560 3155.53oao.63016.9a904.40901.0a644,32776 ,00653.90591.9a55a.6
1;pmamt
4oa6.7
4013.9
3e97.5
3a43.7
3780.5
1.439 z.a91429 1 .300:40a t.3ao.396 1.333.388 1.343
T
IIel,S4.92;O
0.507 1.a59
.506 L .9.59
.soa I .a6a
.S00 1 .264
.497 i .266
ae4
—. -------
0.437 33.4
1.030 106.0
1.000 ia6. a
1.oa9 146.4
0.1850.586
o.69a
o.ao9
1.a6a
1 .39a
1 .395
1.4931.496
1.543
1.s9.s
1 .690
1.735
1.763
10.00
ao. oo
ao.4i
40.00
40.a3
60 .00
100.00
300.00
600.00
000.00 460.00 190930 .00 1654~~.;~O 1646i41a14:696 140510.00 10856.00 1137a.oo 8681.00 7a760 636 3408.33a99 .I3095.631aa.53za5 .5 .475L1 .2al.464 1 ,290.463 1.290.451 1.301.450 1.301443 1.308:433 1.317.413 1 .338.40a I .350395 1.359- 1a.iao aae. a3.a97 asz. e3.34a 050.25.a45 070.15.319 a70.56.906 a79”.19.874 asa.921.360 305.734.850 313.750.080 318.7.. 3131 .&3067. aa953. oa695.5ae59.3
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!mBmv.-Continued.THELIR5TICALPEKKEWNCEATASSI@TEDPRESSIEIIIRAT ~FCISJP-4FUEL
WITHSEVJEWLFLUCIRIIKE-OXYGEM141XTULWS
Wozenompmitian6uriWis9.trOpialxpannimth.omaomlamtion-ahamber
prosmreof600lb/sqin.lba.]
(0)Peromtfl..riminoxltintby.elsht,30
1.00
1.04
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L844
1036
--— — -—-TT2621.2 0.366 1.2472610.0 .36.21.2472308.9 .s63 1.25024s1.5 .361 1.25A2405.8 .359 1.253.346 .265.S40 1.271.339 ~.2n.3s3 .278.333 1.27S 0.184.s62.694.6061.2631.3941.3981.4981.501
1.551
1.606
I.703
1.751
1.760
1.801
42.429 31.21.03 98.91.ml n-f.91.02 136.92.1 214.63.3 236.93. 237.55.3 254.E5.4 255.11lo.mb 60.0020.WO 30.CXJ20.414 29.39240.OCQ JJ5.oo40.827 14.69610.001%:% 6.033o0.ooa 2.006CX3.@W 1.00,XfJ.oaa .60.500.OaQ .4a 2092.21976.31973.11876.41673.616a715a711751000687605 1.S24.51765.41859.11604.61569.73.344.8LL.330 1.262.325 .289.315 .299.=9 1.306.305 1.31J?.3a2 .316 7.14 263.310.25 272.9!2.61 269.3;7.45 297.4;4.40 302.5m.21 306.0
1.5;:
%?:
3717
3590
3441
15.6S;Ofi,5.389rclnt rut
3060.4
304a.7
2944.7
2695.0
2636.5
T%Tz!
.394 1.23s
.392“1.235
.360;1.236
l.ooa 600.00
1.040 576.92
1.494 401.55
1.793 334.63
2.241 267.70
----- —
0.163 2.41
.57a 1.03
.689 1.m
.ml 1.03
-—-
31.9
lm.3
120.0
139.6
.
.
10.W
E:%
40.lMO
40.627
3YR
29.362
15.03
14.696
2570
2236
2227
1.640
1932
2503.1
2379m
2375.6
2271.1
2266.1
.375 1.246
.36S 1.254
.366 1.254
.332 1.227
.360 1.261
1.264 2-16
1.398 3.47
1.401 3.47
1.504 5.52
1.W7 5.60
222.2
243.5
244.1
262.1
262.6
L60.OCQ 10.03100.000 6.033oo.oOJ 2.m600.000 1.00oooJxo :% 178316011061963~ 2214.82150.32033.51973.01934.0WJ6.2 L.356 1.265.351 1.2m.337 1.275.331 1.2s0-327 1266.323 1.500 1.557 7.351.61510.601.7165.8a1.76839.311.79757.341.81977.41 2n.2261.4266.9307.6313.1318.9
roentfuel,19.64;O/P,4.041r, 2.0;
T
6W.00 4206
576.92 4177
404.42 3926
337.02
269.61 %%
3456.0
3445.6
3S35.4
3262.4
3219.6 T0.432 1.211.432 1.211.426 1,212.426 1.2Z3.425 1.215T-—---—-.0.182 2.40.566 1.03.682 1.CX3.795 1.03 -----32.8102.41.2Z.9143.3;:tia1.4641.72C2.225
10.000
20.CC4
20.414
%’:%
2764
w% 2449
29.392 2440
15.CX3 2147
14.696 2139
2357.7
2721.4
2n7.6
2601.7
259S.4
.406 11.226
.401 1.231
.401 1.231
.363 1.237
.393 1.237L1.266 2.221.403 3.521.406 3.571.513 5.721.516 5.601.567 7.661.S2611.121.73525.121.78642.251.a2262.a51.S4684.24 226.2252.6253.4272.6275.$_L10.03 19661797;% 14421.00 1230.60 1122.40 1029 .2538.72466.1=32 .72262.62217.12164.3 _L.Sw 1.240.382 1.245.s66 1.257.360 1.264.354 1.270.349 1.274 282.3263.5312.6322.2328.3332.6
r, 2.S;PercentfUel,25.73;O/F,2.687
401.3.3
3999.9
36s3.5
3a25.s
3757a T0.475 1.204.475 1.204.4n 1.2Q6.466 1.2i37.468 1.206 4“-----— ---0.192 2.4 34.1.366 1. 106.3.660 1. 127.7.793 1.0 149.1
lo.ooa 2656
m.mo 2:% 2520
20.U4 2s.392 2311
40.030 15.oo 2219
40.627 14.696 2210
3362.0
3212.4
3206.3
3060.6
3076.9
.450 1.216
.L42 1.223
.441 1.223
-433 1.226
.433 1.Z?6
1.267 2.23 23.9.0
1.40!53.55 264.0
1.40s 3.60 264.7
1.516 5.60 264.9
1.319 5.88 265.4.
. m 1-428 1.231.422 1.236.4C4 1.247-396 1.255.382 1.235.392 1.294_LL1.371 7.78 225.31-83311-32 307.01.74225.73 327.31.79643.43 537.61.83163.95 344.21.65465.99 348.63010.92930.42761.62703.32652.12615.1
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TH V. - Concluded.TSSORETICAL~CE AT ASSIONSDFR2SSURS
RATIOSFOR3P-4FOELWITSSEVSRALFLW3RINS-0XY02.NHIXTUR2S
[Frozenc.mp..ltion during l.entropic expannion frcm oumb.stion-
OhamberpressureOf 600lb/8qin.abs.]
.
“—-
(f) Conclwled. Percentfluorinein oxidant,100(zero
peroentoxygen)
PreBsureStatio Temper-Snypy, spa- Isen:ThrustArea Speoift
ratio, pre;mwe,ature, , Oifiotropia OOeffi- ratio, Impulne
PJP T, eel/g heat, expw- oient, a
lb/g~ain. OK op. nent, c~
Oa.1 Y &
IS)(W
l.ooa
1.040
1.479
1.775
2.219
10.OW
20.om
20.414
40.COO
40.827
r, S.0;PE”rOenCPuel,27.67;0@,Z694
~ 1-------—2.399 34.31.033 108.81.000 128.31.031 149.s2.24 239.45.55 265.53.61 286.25.82 286.65.91 2S7.27.81 297.211.38 308.S?5.90 329.5L3.76 339.914.3a S46.637.79 351.360.00 2857 3481.430.CX3 2524 5329.7 ;;; ::g’ ;::;:29.392 2314 3325.5 1.409M.M 2224 3125.9 .443 1:226 1.51714.696 2216 53.S2. .443 1.22$.1.520 —10.W..9.002.001.00.60.40L2084167515161323119310971-3125.23043.32892.02812.02759.72721.9 --l-L.438 1.229.1.573.431 1.23$”1.835.415 l.24i-1.244.405 1.252 1.799.397 1.256 1.854.392 1.262.1.630
r,3.5Jperoentfuel;30.22;O/F..2.309
.
T0.502 1.197.W9 1.197.505 1.199”.503 l.m..3(XI1.201..4a3 1.21:.474 1.214.474 1.214.465 1.21s.485 1.219~4437.84424.24M6.14247.44177.0 ----- ------0.1s12.395.563 1.0.33.677.791 ::%1.267 2.251.406 3.391.411 3.641.519 5.671.522 5.9s -----34.5107.0128.7150.4240.9267.4268.0288.7209.3
289.5
311.4
332.3
345.1
349.9
354.8
10.020 60. m 2S29
20.@Jo 30.Cm 2506
20.414 26.392 2497
40.OCM 15.00. 2216
40.S27 14.696 2207
3770. e
3.616.4
361.2.1
3479.7
3475.9
1.460 1.222.463 1.2+?6..436 1.237.423 1.245’.418 1.2W.418 1.276.
—
r. 4.0;percentfuel,33.10;O/FJ“2.021
600.00
576.92
407.14
339.27
271.42
60.00
30.00
29.392
15.CO
14.696
10.00
6.00
2.00
1.00
.80
.40
TTT0.531 1.192 -----.531 1.192 0.161.527 1.194 .561.524 1.195 .676.522 1.196 .7s0.504 1.2oi”” 1.268.495 1.206 1.408.495 1.209 1.412.4S6 1.21.1 1.521.465 1.214 1.524 -----34.3106.3127.9149.5240.1266.6267.3288.028S.6
298.8
310.9
322.1
342.9
549.8
354.7
.—--1.000
1.040
1.479
1.768
2.210
10.000
%:R
40.QOO
40.627
60.000
100.003
503:000
KYJ.ow
m.oca
500.000
4041
4016
3796
3665
3653
2763
2454
2445
2175
2167
2024
1847
1509
1323
1198
1106
4710.9
4697.4
43S1.2
4322.9
4433.9
2.392
1.033
I.cx)o
1.031
404s.9
3694.3
3890.0
3757.4
3753.6
2.26
3.61
3.67
5.93
6.02L!-L.480 1.216 1.578.473 1:220 1.642.455 1.231 1.754.444 1.230 1.811.435 1.242 1.846.437 1.2iT” 1.674 7.961.666.765.447.231.79
r, 5.0;”peroentfuel,38.22;0~, 1.617m 5194.5SISl.73072.3S016.94951.3 ).5691.184.56.91.164.564 1.1s5.562 1.166.359 1.187 ----- l-.-—-I --—-0.181 2.387.638 1.034 1%:.673 1.WO 124.3.787 1.031 145.5
10.000 80.00 2570
20.Om 30.00 2292
20.414 29.392 2284
40.000 15.00 2040
40.627 14.696 2033
4%3.0
4414.5
4410.4
4282.2
4278.5 M.539 1.196.530 .200.526 1.2W.519 .205.=9 .205 1.269 2.28 234.41.410 3.65 280.51.414 3.71 261.21.525 6.01 261.81.528 6.11 282.3mm 4211.74129.63976.23s93.93.839.63803.2 . .%*
t
45(0 ““
, ,
T&XE vI. - EQUILIBRIUM COMPOSITION IN COMEJJSTIONCNMBER FOR JP-4 FUEL WITH SEV2RM, KtXIVRFS OF PLUORIHZ AND OXYGEN
[CombuBtlon-ohambe.p.e8aure, 600 lb/8q 10. ab~.j
(a) percent fluorina in oxidant by wei&ht, O and 1J5
E
Fluorine in
oxidant, peroent o
by weight
Equivalence
ratio, )? 1.00
Fuel in propel-
lant, peroent by 22.71
weight
Oxidant-to-fuel
weight ratio, I3.403,o/R
I
Oraphite
CH4
co
co~
;
%2
HF
----
----
0.21540
.19s95
----
.02369
.04043
----
.30785
.03303
.09621
.00444
0 0 0 0 0 o“ 15 15 15 15 15
1.20 1.30 1.40 1.60 1.80 3.00 1.20 1.40 1.60 1.s0 2.00
?6.07 27.64 29.15 31.98 34.59 46.66 24.36 27.31 30.04 32.S7 54.92
2.636 2.818 2.431 2.127 1.891 1.134 3.106 2,662 2.329 2.071 1..964
3628 3612 357’6 3436 5205 1657 3735 3694 3583 3391 3194
Equilibrium oomponiticm [male fraotiona)
---- ---- . . . .
---- ---- ----
0.28284 0.31453 0.34444
.16574 .14764 .12914
---- ---- ----
.03125 .03378 .03408
.06578I .0624CI .10247
m
----
----
0.39669
.09344
----
,03118
.15462
----
.29328
,fM343
.C0248
.02488
----
----
o.4351e
.06430
----
.03080
.’21952
----
.25101
.00057
.(xezS
.00857
TT
0.00130 ---- ----
.01146 ---- ----
.50434 0.27899 0.33350
.00187 .12687 .10148
---- .CH)196 .~127
.00001 .03600 .04157
.47914 .03643 .08649
-- . .
.13772 .12643
.c058e .21795 .22411
---- .02924 .01603
---- .04321 ,01553
---- .06962I .05159
----
----
0.36082
.07399
.00066
.04049
.13422
.11617
.21422
.00601
.00367
.02975
----
----
0.417B4
.05029
.00025
.03136
.19331
.10663
.18606
.00136
.00051
.01235
-
----
----
D,4437:
.0326”
.00m:
.01s9:
.2569(
.0976”
,14561
.CnMlf
.Cmo4
.0036!
%ol@ fractionn were oomputed for all 19 SUbstanOeB conaldered in this report butweraomittedif lessthan5X3.0-6.
.TABLE VT. - Continued. EQUILIBRIUMCOMPOSITION IN COMBUSTION CHANBER FOR JP-4
FUEL WITH SEVFRAL MIXTURES OF FLUOHINE AND OXYGEN
[Combustion-chamberpressure, 600 lb/sq in. ab6. ]
(b) Percent fluorine by weight, 30 and WI
Fluorine in
oxidant, percent
by weight
Equivalence
ratio, r
Fuel In propel-
lant, percent by 22.56 25.37 27.98
weight
Oxidant-to-fuel
weight ratio, 3.432 2.942 2.574
o/F
Combustion tem- 3836perature, T., ‘K 3?68 3745
k-----
L
C02
F
H
%
HF
H20
0
%2
OH
1.8 2.0 1.2
30.41 32.69 20.03
2.288 2.059 3.992
3586 3369 41,20
Equilibrium composition (mole fractlona)
50 50 50 50
1.4 1.6 1.8 2.0
22.62 25.04 27.31 29.46
3.421 2.994 2.661 2.395
4100 4030 3898 37?8
0.27490 0.32271 0.36485
.09303 .07342 .05330
.00657 .00434 .00247
.04100 .04927 .05159
.04381 .07145 .11109
.27194 .25268 .23492
.12550 .13727 .13581
.03829 .02242 .00969
.04197 .01648 .00453
.06300 .04994 .03175
0.39931
.03511
.00113
.04507
.16415
.21810
.11860
.00276
.00076
0.42512 0.26919
.02100 .04779
.00041 .0s110
.0$210 .04266
.22495 ,01966
.20220 .43396
.08855 .03012
.00050 .05424
.00008 .03186
.015021 .OO51OI .03942
0. 3091C
. 0360C
.0197C
.05907
.0402e
.41429
.04043
.03301
.01270
.03544
0.34426
.02403
.01170
.06978
.07122
.39356
.04264
.01515
.00347
.02420
0.37403 0.39783
.01274 .00340
.00603 .00263
.07028 .05941
.11541 .17137
.37227 .35057
.03336 .01221
.00436 .00048
.00048 . CwJOl
.01105 .00209
aMole ~aotlone were computed for all 19 substances considered in this reDort but were omitted if less than
5X1O+.
I 4 , . ,
t , CB-5,
TABL6VI. - Concluded. 2QUILEWIOM COMPC+31TIONIN COKMJ6TIOIJCILIME2RFON JP-4 FUEL WITH 62V2RAL~9 OF FLUORINEAND 0XYG2N
[Combustion-ohamberpreanure,600 lb/mq in. abo.]
(c) Poraentrl.arlne by weight, 70.s7 and 100
Flumrlnein
cxldei-k,percent 70.37 70.37 70.37 70.37 70.37 100 100 lm 100
by wel@t
lCCI 100 1(XI 100
equivalence
ratio, r 1.00 1.40 1.50 1.60 2.56 1.00 - 1..%7 2.fM 2.20 3.00 S.50 .4.lm 5.&3
Fmel in propel-
lant, paroent 14.63 19.60 20.71 21.79 30.33 11.01 15.65 19.84 20.73 27.07
by weight
30,22 33.10 3a.22
tidamt-to..fiel
weightratio, 5.143 4.102 3.a29 3.589 2.297 a.oa3
@
5.3a9 4.041 2.aa7 2.694 2.309 2.021 1.617
C.mbuBtlontem- ~7
peratum, TO, % 44a4 4479 439a 389a 3962 4006 4206 42a2 4249 4172 4041 3708
C(aam)
Graphite
CF
CF2
CF~
cF~
C2FZ
CH4
co
%
2wilibrium oomoaaitlcm oh tiactlona)
0.00114
.34619
.0C116
.00004
----
----
.W442
.OCC.31i
----
----
0.0001: 0.00049
----
0.00377
----
2.00992
.WW6
.00645
.CO037
.00006
.Oocxx?
.04176
----
----
----
----
----
----
----
----
----
----
----
1.20066
.05541
o.@J356
.27409
.CMJ522
.oma
.00004
.Wml
,.02WJ6
----
----
----
0.00231
.31993
.00271
.00011
.CKlool
----
.0122s
----
----
----
>.0001
.s604
.0001
----
----
----
----
----
----
----
----
----
----
3.2943a
.02312
.00453
.oo43a
.W732
.CQ351
.01170
.00124
.Oooo1] .CFm21---- .Olloc
.245446
.065a2
“---
.W462
.01327
.13462
----
----
----
.002s9
---- ---- ----
.CC042 .cm74a .C0114
---- ---- .00002
.30754 .30371 .2239a
.mol ---- ----
.14101
----
.@305
.0000
----
----
.0031
----
.0401
.1259
.4494
----
.-.---
----
----
L.25010.oowa.oo33a.wola.451.$5.00027.03517.02039.00294 .10077 ,0675a .00660 ,42994.MIW1 ---- ----, .00018.06245 .069aa .064a3 .00164.01423 .02255 .m3a .0cQo4.51231 .52035 .4385a .41alo .25679----.00421.w2a.57484 .10382.owlFF2H%8PH20o%OH .12346.03001.047al.coa71.507a4.wal.01043.0C037- .0529a----.04s9.olffia.58271 .04365 L.01310----.05526.oa800.51067----------------.02517---- ----.02577.00577 .04901.02373 .06s45.04127.65115 .57034 .540al-----------------1----------- ---- ---- ------------ -------- -------- -------- ---- ---- ----
%ole fraotianawere oun~ted fov all la BubBtan.eB oonaideredin this reportbut were cmlttedir le08 than 5x10-a.
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TABLEVII.-THEORETICALPERFORMANCEFOREXPAWSIONTO1 ATMOSPHEREFORJP-4
FUELWITHSEVERALFLUORINE-OXYGENMIXTURSS
[Frozencbmpoaltlonduringiaentroplcexpansionfrom
combuatlon-chemberpressureof600lb/aqin.aba.]
;quLva- Fuel, Oxidant- Combue- Exlt Charac- Coeffi- Area Specific
enee percentto-fueltion temper-teris-
ati.or,by clentofratio,impulse,
w
weighttemper-ature,tic
C+H
thrust,
weightratio,ature, Tes veloc- CF
+ 0/% Tc> OK ityk ‘ +UK ft)sic
PercentfluorineInOxidant,O (100percentoxygen)
22.71 3.403 3612 1853 5475 1.517
:::
5.84 258.226.07 2.836 3628 1440 5643 1.515 5.80 265.827.64 2.618 3612 1818 5707 1.514 5.77 268.6
::: 29.15 2.431. 3576 1784 5755 1.513 5.73 270.6
1.5 30.59 2.269 3518 1737 5785 1.511 5.69 271.7
1.6 31.98 2.127 3436 16751.8 57&4 1.509 5.6434.58 271.81.891 3205 1515 5747 1.504 5.52 268.72.0 37.01 1.702 Q923 1333 5630 1.499 5.39 262.33.0 46.85 1.134 1657 644 4618 1.476 4,83 211.8
Percentfluorlneinoxidantbywelght,15
1.2 24.36 3.106 3735 1807. 5773 1.508 5.617 270.61.4 27.31 2.662 3694 1769 5800 1.506 5.576 275.31.6 30.04 2.329 3583 1687
1.8 5926 1.504 5.513 277.132.57 2.071 3391 1560 5906 1.5002.0 5.42534.92 275.41.664 3142 1405 5S18 1.496 5.319 270,5
Percentfluorinein oxidant byweight,30
1.2 22.56 3.432 3868 1776 5918 1.500 5.422 275.925.37 2.942 3836 1752 6019 1.499 5.404 280.5
;:; 27.98 2:574 3745
1.8 1694..6074 1.498.30.41 5.3662.288 282.83586 1596 6068 1.496 5.306 282.1
2.0 32.69 2.059 3369 1468 6005 1.492 5.227 278.5
Pe~centfluorineInoxidantbyweight,50
1.2 20.03 3.992 4120 i754 6147 1.489 5.154 284.5
1.4 22.62 3.421 4100 1749 62&5 1.490
1:6 25.04
5.160
2.994
289.2
4030 1714 6305 1.489 5.lW 291.8
27.31 2.661 3896 1644 6314 1.488 5.120 292,0
H 29.46 2.395 3708 1543 6270 1.486 5.072 289.6
PercentfluorineIn oxidantby weight,7b.37
1.00 14.83 5.743 4007 1549 5974 1.476
1.25
4.83
17.87 4.595
274.2
4359 172fi 6338 1.480 4.91 291.5
1:40 19.60 4.102 4464 1786 6464 1.481
1.50
4.94 298.4
20.71 3.829 4479 1803 6539 1.482
1.60
4.96 301.1
20.79 3.589 4396. 1807 6491 1.484 5.03 299.5
1.75 23.35 3.282 4269 1803 6422
2.00
1.488 5.12 297.0
25.83 2.872 4168 1816 6402 1.492 5.23 297.0
2.50 30.33 2.297 3898 1787 6277 1.500 5.41 292.6
3.00 34.31 1.914 3618 1721 6111 1.3u5
4.00
5.55 285.9
41.05 1.436 3125 1555 5783 1.512 5.72 271.8
PercentfluorineInoxidant,100(zerupercentoxygen)
.—
1.00 11.018.063 3962 1836 5466 1.501 5.454-255.I
1.50 15.65 5.389” &O08 1932 5605 1.507
2.00
5.599
19.84
262.6
4.041 4206 2139 5799 1.516
2.80 5.805 273.225.73 2.887 4262 2210 6047 1.519
3.00
5.883
27.07
285.4
2.694 4249 2216 60803.50 30.22
1.520 5.905 287.2
2.309 4172 2207 6116 1.522 5.962 289.3
4.00 33.10 2.021 4041 2167 6092 1.524 6.017 286.6
5.00 38.22 1.617 3708 2033 5945 1.528 6.105 282.3
$!
-.
.-
,-—
—
. .
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E57G16a
340 I
Pressure
.
.
I 1. # rati~~ I
Specic-
impulse
320-exponent,x
5
.
/’ 1’; I I/ ‘
I I ,
I
I
< 014“O12.O1O
I 1-
,m;o
-
.O1’
Ff
220I I I 3i6---t
I I I I I I I I I
jS%oichiometricI
ratio
m
I
20 24 28 32 36
35
Fuelinpropellant,percentbyweight
~-
4.0 3.0 2.0 1.8
Oxidant-to-fuelratio,O/F
(a)Percentfluorineinoxidant,O (MXlpercentoxygen).
()Pc ‘IExponentnI foruseinequation1.16m~ .
Figure1.- ~eoretical specific impulseofJT’-4fuelwithseveral
fluorine-oxygenmixtures.FrozencompositionduringIsentropic
expansionfromcombustion-chamberpr ssureof600poundsper
squareinchabsoluteto pressureratioindicated.
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24 26 28 30 32 34
Fuelinpropellant,percentby weight
_“36
LOOO
;00
500
Loo
50
Lo—
20
1-o
*
—
.
.
—
—
I [ I I
3.0 2.5 2.0 1.8
Oxidant-to-fuelratio,O/F
(b)Percentfluorineinoxidantbyweight,15.
Figure1.- Continued.TheoreticalspecificImpulse~f3P-4fuelwith
severalfluorine-oxygenmixtures.FrozencompositionduringL8en-
tropicexpansionfromcombustion-chamberpr ssureof600pounds
persquareinchabsolutetopressureratioindicated.
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—
FuelIn propellant,percentby weight
Ill I I I I I I
3.5 3.0 2.5 2.0
Oxidant-to-fuelratio,0/%
(c)Percentfluorineinoxidantbywei.ght,30.
Figure1. - Continued.TheoreticalspecificimpulseofJP-4fuelwith
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